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Summary 
Land use in the West Kimberley near Broome, Western Australia, is dominated by cattle 
grazing on pastoral stations, dispersed mining activity and tourism. Irrigated agriculture has 
developed but is at a small scale. There is interest from pastoralists and horticultural 
companies to expand irrigated agriculture, and pastoral diversification and mosaic irrigation 
systems have been proposed. However, if irrigated agriculture is to expand, it must be viable 
and meet community and regulatory requirements. Developing secure and sustainable water 
resources is critical. 
The Broome Sandstone aquifer is the principal groundwater resource in the West Kimberley 
(Dampier, Broome and La Grange) used for irrigation, stock and domestic supply. For 
certainty in water supply and to secure long-term agricultural industries, high quality water 
resource information is needed. A clear level of understanding of the Broome Sandstone 
aquifer is essential for current and future users to make long-term planning and investment 
decisions. Until now, the level of information and understanding has been commensurate 
with use. Any future expansion requires a thorough knowledge of the aquifer and interactions 
between all users, acknowledging environmental and cultural assets. 
This review is focussed on the La Grange groundwater subareas (La Grange area). Its 
purpose is to summarise the existing hydrogeological data and contribute to establishing a 
baseline hydrologic condition of the aquifer. This, and proposed studies, will be used to 
determine the impacts of any future investment into irrigated agriculture. 
This review found only a few investigations of the Broome Sandstone. It identified major 
knowledge gaps on aquifer distribution, properties and baseline groundwater level and 
quality data. It also revealed a lack of capacity to analyse the impact of potential increased 
extraction. However, this review did find that the Broome Sandstone is an extensive (more 
than 30 000 km2), flat-lying aquifer, coarsening with depth, with some siltstone layers, and 
has a saturated thickness of up to 200 m near the coast. Generally, the sandstone has high 
porosity and bores are capable of producing up to 60 L/s of low salinity water. Groundwater 
levels have risen by up to 2 m from 1999 to 2012, which was a period of above average 
rainfall. 
Recommendations from this review are that a hydrogeological program be implemented that 
includes updating the bore inventory (bore locations, groundwater levels and quality), as well 
as defining the aquifer geometry and saltwater–freshwater interface using an airborne 
electromagnetic (AEM) survey. A drilling program should follow to calibrate the AEM survey, 
which will assist in identifying new monitoring bore sites and establishing a regional 
monitoring network. These bores can then be used to assess aquifer recharge, a critical 
component of the water balance required prior to future development. It will also enable a 
groundwater model to be constructed to assess the potential impact of current and future 
land use scenarios. 
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1. Introduction 
The Broome Sandstone aquifer is the principal groundwater resource in the West Kimberley 
(Dampier, Broome and La Grange) used for irrigation, stock and domestic supply. Land use 
in the West Kimberley is dominated by cattle grazing on pastoral stations, dispersed mining 
activity and tourism. Irrigated agriculture has developed but is currently at a small scale.  
DAFWA is conducting the four-year, La Grange project, which is part of the Regional 
economic development water opportunities project, funded by Royalties for Regions. This 
review is focussed on the La Grange groundwater subareas (La Grange area). The purpose 
of this report is to summarise the existing contextual and hydrogeological data and establish 
a platform for further resource investigations. 
There is interest from pastoralists and horticultural companies to expand irrigated agriculture. 
Pastoral diversification and mosaic irrigation systems have been proposed. However, if 
irrigated agriculture is to expand, it must be viable and meet community and regulatory 
requirements. Developing secure and sustainable water resources is critical. 
High quality water resource information is needed to secure long-term agricultural industries 
and for certainty in water supply. A clear level of understanding of the Broome Sandstone 
aquifer is essential for current and future users to make long-term planning and investment 
decisions. Until now, the level of information and understanding has been commensurate 
with use. Any future expansion requires a thorough knowledge of the aquifer and interactions 
between all users, including the environmental and cultural assets. 
The La Grange project proposes to investigate and report on data and processes to support 
further investment into irrigated agriculture in the La Grange area. Government and the 
regional community can then make informed decisions about what scale to develop irrigation 
at and how to proceed. The aim is to provide a coordinated and well-planned approach to 
establish a progressive, innovative and profitable agricultural system that benefits both local 
communities and the wider WA population. 
The broad project goals are to: 
 form a cross-regional vision for agriculture, horticulture and pastoral industries to guide 
future development 
 support the development of irrigated agricultural precincts. 
The project will deliver the following outcomes with regard to the Broome Sandstone aquifer: 
 identify select zones that are appropriate for irrigated agriculture, guided by stakeholder 
consultation, through a multi-layered assessment 
 visualise, model and analyse conceptual spatial layouts of irrigated precincts within 
preferred zones, taking into account a wide range of issues, informed by regional and 
specific resource assessment and pre-feasibility studies. 
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2. The La Grange area 
The La Grange area is located just south of Broome, Western Australia, and contains the La 
Grange north and south groundwater subareas. Broome is the largest town in the West 
Kimberley and is located 2200 km north of Perth. The permanent population is estimated at 
just over 14 000, and this grows to over 45 000 during the tourist season. There are several 
Aboriginal communities, the largest at Bidyadanga, at La Grange Bay. The Great Northern 
Highway runs along the coast from Port Hedland to Broome and is the main transport 
infrastructure in the La Grange area. The main land use is pastoral cattle grazing and there 
are several pastoral stations that straddle the Great Northern Highway. 
The inland area is mainly Unallocated Crown Land of the Great Sandy Desert, upon which 
most areas have approved native title determinations. There is one marine park (Eighty Mile 
Beach Marine Park), two Ramsar wetlands (Roebuck Bay and Eighty Mile Beach, which 
includes the Mandora Marsh wetland system) and several national wetlands of importance. 
The area also has many other areas of unproclaimed environmental and cultural value. 
In the La Grange area, the Broome Sandstone is the uppermost, major aquifer and is the 
principal groundwater resource in the West Kimberley. The Broome Sandstone aquifer 
covers more than 30 000 km2, has an average saturated thickness of about 150 m and is 
recharged directly by rainfall (Figure 1). Historically, the aquifer has been primarily used for 
stock and domestic supplies to support six pastoral stations, three accommodation areas, the 
main Aboriginal community at Bidyadanga, and a number of smaller Aboriginal communities 
and outstations. More recently, two horticultural properties—Shamrock Gardens and 
Shelamar—use the aquifer to irrigate up to 600 ha of land. In addition, other stations have 
applied for and/or received diversification approval and also propose to establish horticultural 
ventures. 
In 2010, the Department of Water released a groundwater allocation plan for the Broome 
Sandstone (Department of Water 2010). The plan covers the groundwater resources of the 
Broome Sandstone aquifer, within part of the Canning Kimberley groundwater area, which 
was proclaimed in 1997 under the Rights in Water and Irrigation Act 1914 (RIWI Act). The 
purpose of the plan is to assist in managing groundwater resources in the La Grange area to 
maintain environmental, social and cultural values, while providing for the sustainable use of 
groundwater for commercial, stock and domestic use. For management purposes, the La 
Grange groundwater allocation area is divided into two subareas: La Grange north (with an 
allocation limit of 35 GL/yr) and La Grange south (with an allocation limit of 15 GL/yr). The 
plan is primarily implemented through the Department of Water’s established water licensing 
process under the RIWI Act. 
The resource objectives for managing groundwater levels and abstraction in the La Grange 
area are: 
 maintain the saltwater–freshwater interface to avoid impacts on existing near coastal 
water users, water-dependant values and community water supplies 
 manage groundwater allocation to avoid impacts on Mandora Marsh and the flow at 
Mandora Springs  
 minimise the impact of water abstraction on all water-dependant values (Department of 
Water 2010). 
Of the 50 GL/yr total allocation, 12.3 GL/yr is allocated and just over 6 GL/yr is licensed. 
Existing and new users require empirical data to establish baseline conditions to support 
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sustainable resource use. Any allocation increase above 50 GL/yr requires detailed aquifer 
analysis, which includes recognition of environmental and cultural values. 
 
Figure 1 Location of the La Grange area 
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2.1 Physiography 
Land in the La Grange area ranges from flat coastal plains in the west, to gently undulating, 
aeolian sandplain inland. The sandplain rises to over 200 m in the east. Other minor 
physiographic units include scattered hills and mesas, laterite rises and claypans. In the 
south-east, the sandplain is characterised by west-trending, aeolian seif dunes averaging 
6-9 m high; elsewhere, an aeolian sandsheet predominates (Figure 2). The Quaternary 
dunes were formed by easterly winds, but are now inactive and mainly stabilised by 
vegetation. Ephemeral drainage systems are present. There are several springs on the 
inland margin of the coastal plain, for example, the Injudinah swamp area north-east of 
Bidyadanga. Claypans in the south-eastern corner of the area retain water after heavy rain 
but are dry for most of the year. Coastal plains are characterised by extensive intertidal and 
supratidal mudflats bordering inlets and bays, active aeolian dunes parallel to the shoreline 
and beach ridges. 
 
Figure 2 Geomorphology of the La Grange area. Source: Cotching (2005). 
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The oldest geomorphic surface in the area is referred to as the Kimberley Surface, which 
occurs as a 4–15 km wide strip from Mount Phire in the south-west, to the north-eastern 
corner of Shamrock station (Cotching 2005). It comprises broad, gently sloping plains of 
Cretaceous sedimentary sandstones and mudstones that were lateritised during the Tertiary 
and subsequently eroded. The product of the erosion of the Kimberley Surface is a few 
isolated mesas and hills and the extensive sandplains and dune fields. The laterite surface 
outcrops locally but is generally covered by 0.1–0.2 m of sand (Cotching 2005). 
2.1.1 Geology 
The La Grange area occurs within the Canning Basin. The Canning Basin is the largest 
sedimentary basin in WA, covering some 430 000 km2 onshore and 165 000 km2 offshore 
(Mory & Hocking 2011). The onshore Canning Basin consists predominantly of Palaeozoic 
sedimentary rocks with a thin Mesozoic and Tertiary cover (Playford et al. 1975). The basin 
contains gently deformed Lower Ordovician to Lower Cretaceous strata up to 15 km thick 
(Mory & Hocking 2011). A summary of the stratigraphy is provided in Figure 3. 
The surface geology and cross-section locations are shown in Figure 4. Most of the 
underlying geology of the Canning Basin is covered by colluvium and alluvium. Extensive 
Cenozoic cover with rare exposures of often strongly weathered older components means 
the regional stratigraphy and structure of the Canning Basin is interpreted largely from 
geophysical data and subsurface petroleum exploration data (Mory 2010). 
The La Grange area straddles five, 1:250 000 geological map sheets. The two sheets 
covering most of the area are Lagrange (Gibson 1983) and Munro (Towner 1982a) with the 
Mandora (Towner 1982b), Mount Anderson (Gibson & Crowe 1982) and McLarty Hills 
(Gibson 1982) sheets covering small sections of the aquifer. 
A number of mostly north-west – south-east trending tectonic elements and sub-basins 
divide the Canning Basin (Mory & Hocking 2011) and these are shown in Figure 5. Typically, 
boundaries between major elements are fault zones that were active at various times during 
deposition. Deposition took place during several extensional and transpressional events, 
interspersed with episodes of rapid subsidence (Mory & Hocking 2011). The four major 
phases of deposition were: 
 Ordovician–Silurian (488–416 Ma) in marine to marginal marine and evaporitic 
environments 
 Devonian – Early Carboniferous (416–345 Ma) in marine (including reefal), and fluvio-
deltaic environments in the north, and marginal marine to terrestrial in the south 
 Late Carboniferous – mid-Triassic (318–227 Ma) in non-marine to marine, and glacial 
settings 
 Middle Jurassic – Early Cretaceous (175–110 Ma) in mostly deltaic – non-marine deposits 
which rarely exceed 500 m, at least in the onshore part of the basin, and are mostly flat-
lying. 
The La Grange area covers part of the Broome Platform and Willara Sub-basin. The Willara 
Sub-basin is one of two southern depocentres. It is dominated by an Ordovician–Silurian 
succession up to 5 km thick, with overlying Devonian, Upper Carboniferous – Lower Permian 
and Jurassic rocks up to 2.5 km in total. The Broome Platform is a mid-basinal high to the 
north of the Willara Sub-basin and consists of an elongate broad basement ridge covered by 
up to 2 km of Ordovician and younger strata (Mory & Hocking 2011). 
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Figure 3 Summary of Ordovician–Cretaceous stratigraphy, Canning Basin. Source: 
Mory & Hocking (2011). 
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Figure 4 Surface geology and cross-section locations in the La Grange area 
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Figure 5 Major tectonic subdivisions, Canning Basin. Source: Mory & Hocking (2011). 
There has been little structural movement of the Canning Basin since the Jurassic. As a 
result, the Middle Jurassic – Early Cretaceous units are extensive and mostly flat-lying. The 
main units laid down during these periods are the Wallal Sandstone, Alexander Formation, 
Jarlemai Siltstone and the Broome Sandstone.1 Above the Broome Sandstone, thin layers 
(probably less than 30 m) of Cretaceous Melligo Sandstone, Parda Formation, Frezier 
Sandstones and Quaternary Bossut Formation have been recognised and named (Gibson 
1983). Laterite overlies the Parda Formation and Frezier Sandstone and is exposed on some 
low ridges. It is thought to be of late Tertiary or younger age (Gibson 1983). Cross-sections 
to the base of the Wallal Sandstone, from oil well data, are shown in Figure 6. The cross-
sections show the Broome Sandstone is a flat-lying unit but there are some anomalies. On 
cross-section E–F, oil well Cudalgarra 2, which should be stratigraphically lower than 
Cudalgarra 1, is about 50 m stratigraphically higher. A Mory ([Department of Mines and 
Petroleum] 2013, pers. comm.) said late Mesozoic–Cenozoic (100–5 Ma) reverse faults are 
known to occur in the Canning Basin. 
                                               
1  As more oil wells were drilled and more stratigraphic information was available, some of 
the stratigraphy names changed. Early oil wells described the stratigraphy as Broome 
Sandstone, Jowlaenga Formation and Jarlamei siltstone. Towner and Gibson (1980) 
incorporated the Jowlaenga Formation into the Broome Sandstone and this report follows 
that usage. 
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Figure 6 Geological cross-sections of the La Grange area 
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2.1.2 Soil-landscape zones 
The La Grange area is within the sub-unit Canning Province of the Sandy Desert Region 
(Tille 2006). The Canning Province is based on the Canning Basin tectonic unit of Tyler and 
Hocking (2001). The Canning Province is described as sandplains and dunes (with 
undulating plains and uplands) on the sedimentary rocks of the Canning Basin, with Red 
deep sands and Red sandy earths with Shallow gravels (and some Red loamy earths and 
Deep sandy gravels) and spinifex grasslands with desert bloodwood (and some mulga and 
pindan wattle scrublands) (Tille 2006). 
Based on the work of Jennings and Mabbutt (1977), the Canning Province has been divided 
into eight soil-landscape zones (Figure 7). The soil-landscape zones that cover the La 
Grange area are 112 – Great Sandy Desert, 113 – Eighty Mile Coast and Flats and 117 – 
Nita Sandplain (Tille 2006). Summaries of the soil-landscape zones are in Table 1. 
Table 1 Description of soil-landscape zones in the La Grange area 
Zone number 
& name Description 
112 – Great 
Sandy Desert 
Sandplains and dunes on sedimentary rocks of the Canning Basin. Red 
deep sands and Red sandy earths with some Red loamy earths and 
Shallow gravels. Spinifex grasslands with eucalypts and some acacia 
shrublands. Located in the northern Arid Interior between Dampier Downs 
Station, Lake Gregory, Giles and the De Grey River. 
113 – Eighty 
Mile Coast and 
Flats 
Coastal plains, dunes and alluvial plains (with some tidal flats and beaches) 
on Marine shoreline and aeolian deposits over Cretaceous Canning Basin 
sedimentary rocks. Calcareous loamy earths, Tidal soils and Loamy 
duplexes with Red deep sands, Calcareous deep sands and Calcareous 
shallow loams. Tussock grasslands and halophytic shrublands with bare 
tidal flats, melaleuca thickets and mangroves. Located in the north-west 
coast between Broome and Port Hedland. 
117 – Nita 
Sandplain 
Sandplains and dunes on Cretaceous Canning Basin sedimentary rocks. 
Red deep sands with some Red sandy earths. Pindan shrublands and 
shrubby spinifex grasslands. Located in the north-west coast hinterland 
between Broome and the De Grey River. 
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Figure 7 Soil-landscape zones of the La Grange area 
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2.1.3 Soil investigations 
Western Agricultural Industries (WAI) completed a progress report on the preliminary nutrient 
and pesticide monitoring on cotton farm trials and concluded that, in the year-long trial 
carried out, nutrients were contained within the root zone of the crop and pesticides were not 
detected in soil and water samples collected during the trial (Western Agricultural Industries 
c. 2000). 
Cotching (2005) carried out a rangeland survey of the Broome coastal area in 1989 and 
1990. The area covered four pastoral leases: Thangoo, Shamrock, Frazier Downs and Nita 
Downs stations and a general lease, Shelamar. A land system map at a scale of 1:700 000, 
including Anna Plains station, was produced. The area is dominated by extensive sandplains 
and dune fields which border on the northern edge of the Great Sandy Desert. A smaller 
area of coastal plain occurs on the western edge of the survey area. Soils on the sandplain 
and dune fields are predominantly Deep red sands and Loamy sands. Coastal plain soils are 
Light grey silty clays. Lateritic skeletal soils and soils with a stony surface mantle occur over 
a relatively small proportion of the area. Native plant communities are dominated by spinifex 
on the sandplain and by halophytic species on the coastal plain. 
In 2008, DAFWA undertook reconnaissance soil surveys on Anna Plains and Nita Downs 
stations. The aim of the surveys was to describe soil physical characteristics, obtain soil 
samples and identify what soil physical and chemical factors may limit production and need 
to be considered during management of proposed irrigation development areas. Two 
excavated pits (about 1.5 m deep) were used to describe soils on Anna Plains (Kew 2008a) 
and four excavated pits (1.8–2.0 m deep) were used to describe soils on Nita Downs (Kew 
2008b). A summary of the findings is provided below. 
Soil properties on Anna Plains and Nita Downs stations 
Anna Plains and Nita Downs stations are covered by Quaternary (less than 1.64 Ma) red 
sand of aeolian origin with some outcrops of Broome Sandstone (Gibson 1983). Soils have 
been described as Kandosols (red earthy Sands to Loams) (Kew 2008a, 2008b). There are 
no soil physical limitations to plant root growth in these profiles. The general soil profile 
consists of organic-stained, dark red Loamy sand to Sandy loam topsoil over reddish brown 
Sandy loam to light Sandy clay loam. 
Soil nutrient levels are low and will limit production of irrigated crops unless supplemented by 
fertiliser (Kew 2008a & 2008b). Soil phosphorus, nitrogen, potassium, organic matter, 
copper, zinc and manganese are low. Soil salinity was measured using a saturation paste 
extract (ECe). All soil samples analysed were non-saline (ECe < 100 mS/m) but topsoils (first 
soil layer) have marginally higher soil salinity. Soil pH is neutral or slightly acidic. All samples, 
except site 1 on Anna Plains, collapsed when placed in deionised water indicating no stable 
aggregates in the soil structure. The surface structure of these soils may set hard on drying 
or become loose (granular) if worked by wind or machinery. Increasing soil organic matter 
content by maintaining vegetative cover will reduce the impact of slaking, retain applied 
nutrients (fertiliser) and act as a mulch layer retaining soil moisture. 
Nita Downs has yellowish-brown, fine, Sandy clay loam at depth (about 2 m). There are no 
coarse fragments or soil carbonate and the structure is generally weak, subangular, blocky 
but may be loose (granular) on the surface.  
At Anna Plains, the roots of existing vegetation were observed to a depth of 1.5 and 1.2 m at 
sites 1 and 2 respectively, while at Nita Downs, plant roots of existing vegetation were 
observed to a depth of 1.6 to 1.7 m. Irrigation scheduling and soil moisture monitoring should 
be based on a root zone depth of 1.5 m (Kew 2008a, 2008b). 
A review of the Broome Sandstone aquifer in the La Grange area 
13 
2.1.4 Surface water catchments 
The La Grange area straddles two Australian Water Resources Council Drainage Divisions: 
the northern part falls within the Cape Leveque Coast Basin of the Timor Sea Division, and 
the southern portion falls within the Sandy Desert Basin of the Western Plateau Division. 
Sub-catchments and ephemeral drainage lines have been derived from the Shuttle Radar 
Topography Mission Digital Elevation Model data using a hydrology software package in 
ARC Info (Figure 8). These show that catchments near the coast drain towards the coast, 
while catchments towards the interior, north of Nita Downs, drain initially to the south-west 
and then toward the coast. Streamflow is only expected for a limited period following extreme 
rainfall events and is not thought to contribute significantly to recharge processes. Most 
rainfall is thought to infiltrate into the surface and is either evapotranspired or recharges the 
aquifer (D Palmer [Department of Water] 2012, pers. comm.). 
There are no streamflow gauging stations in the area. Four coastal surface water sites are 
recorded as having been constructed in the Department of Water’s WIN database; however, 
there is no information on their purpose or flow data. 
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Figure 8 Catchment and ephemeral drainage systems in the La Grange area 
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2.1.5 Climate 
The La Grange area is covered by two Bureau of Meteorology (BoM) rainfall districts, West 
Kimberley and De Grey, and adjoins the North-east District along the southern boundary 
(Figure 9). Twelve BoM rainfall stations have operated in the La Grange area, with the 
earliest commencing in 1891 (Table 2). 
 
Figure 9 Climate stations and rainfall districts in the La Grange area 
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Table 2 Bureau of Meteorology rainfall stations in the La Grange area 
Site Name Easting* Northing Start date End date 
3003 Broome Airport 419020 8015456 August 1939 - 
3028 Anna Plains 340890 7870418 January 1908 - 
3029 Frazier Downs 364319 7920999 November 1910 January 1978 
3030 Bidyadanga 371378 7933654 March 1891 - 
3042 Talgarno 342380 7867144 September 1959 December 1963 
3045 Calangadie 342205 7887431 December 1921 February 1939 
3055 Rollah 368195 7931905 August 1907 February 1919 
3056 Thangoo 432135 7989870 July 1893 - 
3059 Nita Downs 360753 7889120 September 1965 - 
3066 Port Smith 479650 7952547 January 1973 - 
3079 Shelamar 365347 7899823 July 1989 September 2008 
4019 Mandora 274022 7815642 September 1913 - 
4044 Widjup Outcamp 321595 7842963 December 1921 December 1948 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
Mean annual rainfall ranges from 605 to 370 mm (Broome and Mandora respectively); 
however, for the period 1996–2010, there has been an increase of 27–47 per cent in mean 
annual rainfall, changing the range from 790 to 545 mm (Table 3). A similar pattern was 
found in the nearby Fitzroy catchment, where CSIRO (2009) determined that the recent 
(1996–2007) climate period is statistically significantly wetter by 31 per cent than the 
historical (1930–2007) period. 
The La Grange area has a significant north–south rainfall gradient and strong seasonality in 
rainfall patterns, with 78–85 per cent of rainfall falling in the wet season (December to 
March). Mean annual potential evaporation (PE) is 3200 mm on the coast and increases 
inland (Figure 9). PE is greater than rainfall throughout the year, except for short monsoonal 
periods during the wet months. 
Table 3 Rainfall summary for rainfall stations in the La Grange area 
Site 
number & 
name 
Years of 
data 
Mean annual 
rainfall 
mm 
Dec.–March 
mean rainfall 
mm 
Dec.–March 
proportion of 
annual rainfall 
% 
Mean annual 
rainfall 1996–
2010 
mm 
003003 
Broome 
Airport 
1939–2011 
(71) 
605 515 85 790 
(31% increase) 
003030 
Bidyadanga 
1891–2011 
(117) 
505 410 81 640 
(27% increase) 
003028 
Anna Plains 
1902–2011 
(102) 
410 330 80 570 
(39% increase) 
004019 
Mandora 
1913–2011 
(98) 
370 290 78 545 
(47% increase) 
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The mean monthly rainfall for Broome, Bidyadanga, Anna Plains and Mandora and mean 
monthly temperatures for Bidyadanga and Mandora are shown in Figure 10. The maximum 
and minimum temperatures for Bidyadanga and Mandora are similar, with the maximum 
mean temperature in the thirties and the minimum mean temperature between 15 and 25 °C. 
Risk from frost is low. 
Figure 11 shows Bidyadanga’s annual rainfall was consistently low between 1930 and 1970. 
The wettest year on record was 2000, when the annual total was 1542 mm, and the driest 
year was 1924, when only 56 mm of rain was recorded. Rainfall variability appears to have 
increased since the 1970s. 
 
Figure 10 Monthly average rainfall for Broome, Bidyadanga, Anna Plains and Mandora, 
and monthly average temperature for Bidyadanga and Mandora 
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Figure 11 Bidyadanga rainfall, 10-year moving average, and AARR for 1900–2010 
2.1.6 Tides 
Tides near Broome have a very large range. Figure 12 shows a typical tidal cycle for 
September–October 2011. The tidal range is from about 1 m at the smallest range, to more 
than 10 m at the biggest range. The tidal height data was obtained from the Main Roads 
Western Australia’ tidal prediction unit. 
 
Figure 12 Broome tidal prediction for September–October 2011 
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2.2 Environmental and cultural sites 
2.2.1 Environmental sites 
The La Grange area has two Ramsar sites: the Roebuck Bay Ramsar site and the Eighty 
Mile Beach Ramsar site (which includes the Mandora Marsh wetland system). Ecological 
character descriptions of the Ramsar sites have been carried out for Roebuck Bay 
(Bennelongia 2009) and Eighty Mile Beach (Hale & Butcher 2009). 
In January 2013, the state Environment Minister announced the formation of the Eighty Mile 
Beach Marine Park. This park was one of four new multiple use marine parks proposed 
under the State Government’s Kimberley Wilderness Parks initiative of the Kimberley 
Science and Conservation Strategy (Government of Western Australia 2011). 
The La Grange area contains a number of other recognised wetland areas. The wetland sites 
include playas, springs and mound springs, soaks or expressions of linear seepage that 
support wetlands (V & C Semeniuk Research Group 2000). While the major wetlands have 
been identified, there is no information on what degree of hydraulic connectivity there is with 
the Broome Sandstone. Figure 13 shows the marine park, Ramsar sites and other zones of 
ecological importance identified by Department of Water (2010), along with the coastal 
management zone and the Mandora management zone. 
The traditional owners have identified the Mandora Marsh wetland system as an area of 
significance in a land management assessment conducted by the Department of 
Conservation and Land Management (Graham 1999). The assessment found that the 
wetland system contains an unusually rich and diverse number of wetland types of both 
saline and freshwater origin. Extending about 50 km inland and surrounded by desert, the 
area supports the most inland, mangrove community in Australia. 
In the Mandora Marsh wetland system are two lakes with a clearly defined surface water 
catchment: Lake Walyarta in the west, and an unnamed eastern lake. Lake Walyarta is a 
claypan that starts close to the Great Northern Highway and appears to be fed primarily by 
rainfall. The eastern lake, which is separated from Lake Walyarta by a calcrete ridge, is a 
broad, braided drainage line with islands of vegetation and small salt/clay pans. It is 
extensive when flooded but rapidly becomes a series of isolated salt/clay pans as it dries out. 
Salt Creek, which is lined by mangroves and is fed by a series of soaks, runs between the 
two (Graham 1999). It appears to rise on the northern side of the eastern lake and flows to 
the west before disappearing into the sand near the northern side of Lake Walyarta. 
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Figure 13 Wetland areas and management zones in the La Grange area 
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The main data source for environmental asset identification is from V & C Semeniuk 
Research Group (2000), who reviewed and assessed the region’s wetlands and identified 
nine wetland zones of significance in the La Grange area. Classifications of significance have 
been given to the identified wetland zones in V & C Semeniuk Research Group (2000) and in 
Environment Australia’s Directory of important wetlands in Australia (Environment Australia 
2001) (Table 4). 
Table 4 Significant wetlands in the La Grange area 
Wetland zone Area 
International 
significance 
(Ramsar) 
National 
significance 
State 
significance 
Cape Bousett Embayment Coastal    Yes 
La Grange Bay  Coastal    Yes 
Munro Springs wetland system  Inland    Yes 
Eighty Mile Beach wetland system 
(including Anna Plains)  
Coastal  Yes   
Mandora Marsh wetland system Inland  Yes   
Roebuck Bay wetland system  Coastal  Yes   
Roebuck Plains  Coastal   Yes  
Injudinah Swamp  Coastal    Yes 
Salt Creek system Inland    Yes 
Other groundwater-dependent ecosystems may exist in the La Grange area and further work 
is being conducted by the Department of Water using satellite imagery and a remote-
sensing-based wetland classification (Boggs c. 2011). 
In the absence of site-specific ecological water requirements, the Department of Water 
manages the environmental impacts from groundwater abstraction through: 
 setting of appropriate allocation limits, which leave enough water in the system to maintain 
and protect the environment 
 a risk-based assessment of water licence applications and the inclusion of appropriate 
monitoring and reporting requirements. 
Additionally, the Department of Water (2010) has established management zones (Mandora 
management zone and coastal management zone) to cater for specific water resource 
management issues (Figure 13). Local area licensing rules have been developed for both 
management zones to protect the identified groundwater-dependent values from the impacts 
of groundwater abstraction and to manage the resource sustainably. 
2.2.2 Cultural sites 
Yu (1999) reviewed the La Grange area’s cultural values and about 120 sites in the area and 
60 sites outside the boundary were identified. The traditional owners have identified areas of 
greater significance relating to groundwater in the La Grange area, including Lirri (soaks), 
Pajalpi (springs), Jila (permanent water sources), Pirapi (fresh water lakes in claypans), 
Wawajangka (freshwater seepages in the intertidal zone) and Wirrkuja (rockholes). This 
research of cultural sites needs to be continued and the sites entered into a database of 
cultural assets (Yu 1999). 
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Yu (1999) noted that the traditional owners were concerned that, if the groundwater supply to 
the springs and other water sources is significantly reduced, their wetlands may be lost or 
replaced by salty water. The traditional owners were also concerned that the effects of large-
scale pumping may ‘pull down’ the groundwater from the permanent water sources, springs, 
soaks and other ‘on-top’ waters, thereby rendering them salty or dry (Yu 1999). 
2.3 Mining and oil exploration 
There are 38 exploratory oil wells drilled in the La Grange area. All the available oil well 
completion reports were downloaded from the Department of Mines and Petroleum’s 
Western Australian Petroleum and Geothermal Information Management System (WAPIMS) 
database. Oil well completion reports contain data on stratigraphy, geophysical logs and 
some contain information on the water supply bores. Appendix A contains a summary of 
water bores drilled to supply water for petroleum drilling activities. 
Recently, there has been renewed interest in gas and minerals, with several major 
companies taking out exploration leases within the Canning Basin. Mining, petroleum and 
geothermal tenements, as of September 2012, are shown in Figure 14, Figure 15 and Figure 
16 respectively. 
Buru Energy Limited has several joint venture permits in the La Grange area and drilled an 
oil exploration well, Nangu 1, in 2010, about 240 km south of Broome, east of Nita Downs on 
Unallocated Crown Land. 
Kagara Mining has a major, undeveloped, lead-zinc-silver deposit located 250 km south of 
Broome (Admiral Bay deposit), east of Nita Downs on Unallocated Crown Land. 
Mineralisation at this site can be broadly divided into two zones: an upper, zinc-lead-silver-
barite zone, and a lower, high-grade, lead-silver-barite zone. In August 2008, Kagara Mining 
reported a maiden inferred resource for the Admiral Bay deposit of 72 million tonnes, grading 
3.1 per cent zinc, 2.9 per cent lead, 18 grams/tonne silver and 20 per cent barite. Kagara 
Mining has a water allocation of 10 275 kL/yr (Department of Water 2013). 
Eaglehawk Kaolin Pty Ltd carried out exploration drilling in 1996 at the Racecourse Plains 
area, on the coastal plain of Thangoo station. The Eaglehawk Prospect Area is located about 
100 km south-south-east of Broome. A reverse circulation drilling program of 15 holes, in 
three groupings, was carried out to explore multiple targets. From analyses of kaolinitic 
sands and other samples recovered during the program, a number of minerals in high 
concentrations, purity and grade have been identified, including kaolin (high quality paper 
coating grade), silica sand (possible optical quality) and leucoxene (titanium minerals) 
(Eaglehawk Kaolin Pty Ltd 2000). 
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Figure 14 Mining tenements and mine locations in the La Grange area 
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Figure 15 Petroleum tenements in the La Grange area 
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Figure 16 Geothermal tenements in the La Grange area 
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2.3.1 Geophysical surveys 
In 2010 the Department of Mines and Petroleum commissioned airborne magnetics and 
radiometrics surveys over the La Grange – Munro area to improve the resolution of the 
previously flown survey. The data was processed and released in December 2011. 
The WA Advanced Spaceborne Thermal Emission and Reflection (ASTER) project was 
released in November 2011 by the Department of Mines and Petroleum. The satellite-derived 
geosciences maps, covering the whole of WA, provide basic information about the dominant 
rock and soil-forming minerals. Each ASTER image covers a 60 by 60 km area with 
individual pixel elements ranging from 15 to 90 m, depending on wavelength. Fourteen 
different surface composition maps of various mineral suites, resulting from the surface 
weathering of rocks, have been produced. 
Oil companies have completed several seismic surveys in the area but were targeting 
formations up to 10 km deep. Because the Broome Sandstone is only up to 200 m thick, the 
resolution of the seismic data could not accurately define the Broome Sandstone boundaries. 
In 2011 Woodside flew an airborne electromagnetic (AEM) survey to help improve 
understanding of the groundwater, aquifers and geological structures in the James Price 
Point area, 53 km north of Broome. The area surveyed was about 9 by 12 km. The AEM was 
flown with east–west lines spaced at 200 m, and north–south lines spaced at 2000 m. 
Reports on the AEM have not yet been published. 
The Department of Water commissioned an AEM survey of the Dampier Peninsular starting 
in early October 2012, and are planning to commission an AEM survey of the West Canning 
Basin. The results of both AEM’s are to be published in 2013. The Dampier Peninsular 
survey is looking for the depth to the bottom of the Broome Sandstone, the saltwater–
freshwater interface, water quality distribution, depth to water and evidence of groundwater-
dependant ecosystems. 
2.4 Political and cultural issues 
2.4.1 Local government areas 
The La Grange area is covered by two local government areas: most falls within the Shire of 
Broome, with the southern-most portion within the Shire of East Pilbara (Figure 1). 
The Department of Planning and the Shire of Broome have recently completed the Shire of 
Broome draft local planning strategy, which will be released for public comment in early 
2013. The strategy sets out the strategic framework for the Shire of Broome for the next 10 to 
15 years. It sets out the statutory requirements for development; including the identification of 
reserves and land use zones, heritage and environmental considerations and other land use 
issues. It also specifies how the Shire of Broome should be developed, including appropriate 
rezoning and subdivisions. 
2.4.2 Aboriginal representation 
Aboriginal affairs are represented by the Kimberly Land Council Aboriginal Corporation 
(KLC), which is an association of Aboriginal people in the Kimberley region. The KLC was 
established in 1978 to work for the protection of traditional land and waters and is charged 
with the responsibility to protect, enhance and gain formal status (legal, social and political) 
for the customs, laws and traditions of Kimberley Traditional Owners. 
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2.4.3 Native title 
Native title has been granted over most of the La Grange area by the Karajarri, Rubibi and 
Nyangumarta native title determinations (Figure 17, Table 5). Native title determinations 
represent legal recognition of an Aboriginal group’s traditional and continuing connections to 
the land and water in the determined area and are administered by Native Title Body 
Corporates. Shamrock Gardens and Shelamar (freehold and special horticultural lease 
respectively) and Talgarno on Anna Plains station were excluded from native title 
determinations.  
 
Figure 17 Native title determinations in the La Grange area 
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Table 5 Native title determinations in the La Grange area 
Native title 
determination 
Date of 
deter-
mination 
Federal 
Court of 
Aust. no. 
Native title 
holders 
Registered native 
title body 
corporate 
Native title 
rights and 
interests 
Rubibi 
Community 
28/04/2006 FCA 459 Yawuru 
Community 
Yawuru Native Title 
Holders Aboriginal 
Corporation 
Exclusive & 
Non-
exclusive 
Karajarri People 
(Area A) 
12/02/2002 FCA 660 Karajarri 
People 
Karajarri Traditional 
Lands Association 
(Aboriginal 
Corporation) 
Exclusive 
Karajarri People 
(Area B) 
08/09/2004 FCA 1156 Karajarri 
People 
Karajarri Traditional 
Lands Association 
(Aboriginal 
Corporation) 
Non-
exclusive 
Nyangumarta 
People (Part A) 
11/06/2009 FCA 654 The 
Nyangumarta 
People 
Nyangumarta 
Warrarn Aboriginal 
Corporation 
Non-
exclusive 
Nyangumarta-
Karajarri 
Overlap 
Proceeding 
(Yawinya) 
25/05/2012 FCA 690 The 
Nyangumarta 
People and 
the Karajarri 
People 
Nyangumarta 
Karajarri Aboriginal 
Corporation 
Non-
exclusive 
2.5 Groundwater management 
The Department of Water manages groundwater in the La Grange area through: 
 the implementation of the La Grange groundwater allocation plan 
 assessment of groundwater licence applications under the Rights in Water and Irrigation 
Act 1914 (WA) 
 provision of water-related advice on development proposals. 
Groundwater allocation plans set an upper limit (allocation limit) on the total amount of water 
that can be taken for use within a relatively broad geographic area and include allocation 
policies to guide the assessment of water licence applications (Department of Water 2011). 
The La Grange area has been split into the La Grange north subarea and La Grange south 
subarea. These boundaries have created zones of management that consider potential 
intensive horticultural growth in the northern area and possible mining towards the south. 
Because of the relatively low level of water use in the La Grange area, the Department of 
Water does not currently have a regional monitoring network. Instead, water resource 
information is collected through reporting from licensees, as part of ongoing monitoring and 
annual resource assessment. 
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2.5.1 Broome Sandstone aquifer licensing 
The Department of Water has assessed and issued a number of groundwater licences for 
the Broome Sandstone aquifer. The licensed annual water entitlements, as of 12 February 
2013, total 6.03 GL (Table 6). The volume of water licensed, committed and requested, as of 
12 February 2013, was 7.7 GL/yr in the La Grange north subarea and 4.6 GL/yr in La Grange 
south subarea, totalling 12.3 GL/yr for the whole area (K Gole [Department of Water] 2013, 
pers. comm., 12 February). 
Table 6 Groundwater allocations for the La Grange area (as at Feb. 2013) 
Subarea 
Licence 
number Licence purpose 
Licence allocation 
GL 
North 100164 horticulture 2.50 
 156873 accommodation water supply 0.02 
 161367 horticulture 2.67 
 163306 mining 0.01 
 171554 accommodation water supply 0.08 
 172028 accommodation water supply 0.04 
South 160619 pastoral 0.60 
 165440 pastoral 0.10 
 174687 main roads 0.01 
  Total licensed allocation 6.03 
The Department of Water are currently completing the annual evaluation (evaluation period 
July 2011 to November 2012) for the La Grange groundwater allocation plan. The evaluation 
reports that (at least in the short to medium term) the management actions are being met, 
and that the current level of knowledge of the resource is appropriate for the current and 
anticipated level of demand for the resource during the plan period (K Gole [Department of 
Water] 2013, pers. comm.). The report will be published mid-2013. Should demand for the 
resource increase, the groundwater allocation plan outlines a number of management 
responses and actions including: 
 a review of whether a regional-scale monitoring program is required when the level of use 
reaches 50 per cent of the total allocation limit for both subareas 
 a review of allocation limits when licensed entitlements reach 70 per cent of the total 
allocation limit 
 a review of the entire allocation plan when licensed entitlements reach 90 per cent. 
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3. The Broome Sandstone 
Groundwater-, environmental- and cultural-related data exists for the La Grange area but are 
held by different sources. The Department of Mines and Petroleum has the data related to oil 
exploration, the Department of Water has groundwater data and some environmental and 
cultural data, and the Department of Environment and Conservation has data on 
environmental assets, including the Ramsar wetland sites. Other information is held by 
various government departments and consultants for site specific hydrogeological 
investigations.  
This chapter looks at the Broome Sandstone description, geometry and reviews the available 
data in approximate chronological order. 
3.1 Structure 
The Broome Sandstone consists of a friable, fine- to coarse-grained, quartzose sandstone, 
mainly unconsolidated, with minor beds of grey siltstone and claystone, thin coal seams, and 
minor pebble conglomerate beds. Silcrete and heavy minerals occur near the top of the 
formation (Gibson 1983a) and also near the base (Street 1985). 
3.2 Geometry  
From the available literature and exploration data, the Broome Sandstone appears to be 
continuous and relatively uniform across the La Grange area. The eastern edge of the area 
is exposed Jarlemai Siltstone, on which the Broome Sandstone increases in thickness to the 
west, to be up to 200 m deep at the coast. The basal elevation to the east (about 150 km 
from the coast) is about 240 m AHD while the basal elevation at the coast is about -210 m 
AHD. The contact between the Broome Sandstone and Jarlemai Siltstone has a dip of about 
0.3 per cent to the west, that is, almost flat-lying (Figure 6). Off-shore data from oil well 
stratigraphic logs indicates that the Broome Sandstone thickens and is overlain by Tertiary 
carbonate units, which are not present in the La Grange area (Playford et al 1975). 
3.3 Historic investigations 
Publication of hydrogeological analyses of the Broome Sandstone aquifer has been 
undertaken in several regional aquifer assessments and project reviews, though most detail 
is contained in reports from its occurrence in the adjacent West Canning Basin and Dampier 
Peninsula. Limited local data is contained in oil and gas records, work by Water Management 
Consultants (1999a, 1999b & 2000) and more recent analysis by Vogwill (2003) and Searle 
(2012). Hydrogeological data from license reports held by groundwater consultants is 
currently unavailable. Figure 18 shows the locations of the previous hydrogeological 
investigations. 
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Figure 18 Previous groundwater investigations in and around the La Grange area 
3.3.1 Oil wells 
Oil well data from the Department of Mines and Petroleum WAPIMS database was 
assessed. Data include lithology descriptions, formation depths, lost circulation zones, 
location and yield of water bores, and geophysical logs, including gamma logs.  
The first oil well drilled in the area was Roebuck Bay 1 (July 1956) and 37 oil wells have 
been drilled since (Figure 19). The target depth for these wells was usually greater than 
1000 m and as a result, detailed descriptions, geophysical logs and related hydrogeological 
data of the Broome sandstone is limited. In addition, as the Broome Sandstone was often 
unstable, wells were cased with steel casing and only gamma log data remains useful. 
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Water supply bore(s) were drilled near many of the oil wells, or water was carted from an 
adjacent bore. These are recorded in the oil well completion reports and occasionally the 
Department of Water’s WIN database. A review of the water bores reportedly associated with 
oil exploration wells is presented in Appendix A. This data is unverified. 
Of the 38 exploration wells, 20 had some water related data that showed depths drilled 
ranged from 20 to 130 m and the maximum yield recorded was 5 L/s. This yield is the 
maximum water requirement for drilling rig operations. No chemical analyses of water 
samples were recorded from the Broome Sandstone. 
 
Figure 19 Oil wells drilled in and around the La Grange area 
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3.3.2 West Canning Basin investigation 
The Broome Sandstone in the La Grange area is also present over the West Canning Basin, 
though it ranges in thickness from only 10 m in the south to 130 m in the north-east of the 
basin. The West Canning Basin lies to the south-west of the La Grange area. 
Hydraulic tests were conducted on five bores completed in the Broome Sandstone during the 
1979 investigations (Leech 1979). The saturated thickness of the Broome Sandstone ranged 
from 19.9 to 56.9 m. Transmissivity values ranged from 138 to 854 m2/d (average 325 m2/d) 
and hydraulic conductivities ranged between 3 and 15 m/d, and averaged 7.5 m/d. Specific 
yield values were not calculated; however, Leech (1979) estimated a range of 10–30 per 
cent. 
Structural contour and isopach maps of the West Canning Basin indicate that the Broome 
Sandstone sediments are essentially flat-lying with no folding or faulting (Leech 1979). Leech 
(1979) concluded that the Broome and Wallal Sandstones, which comprise the main 
aquifers, support two hydraulically separate flow systems. The separation is effected by the 
Jarlemai Siltstone. The flow system in the Broome Sandstone is unconfined and recharge is 
either by direct percolation from rainfall or indirectly through the thin Tertiary or Quaternary 
sediments. This recharge may occur over large areas. In contrast, groundwater flow in the 
Wallal Sandstone takes place under confined conditions and recharge from rainfall is only 
possible over the limited eastern area where the Jarlemai Siltstone is absent. 
3.3.3 Broome hydrogeological map 
The Broome hydrogeological map covers the Broome 1:250 000 map sheet area (north of 
the La Grange area) and was derived on work by Laws (1991a). The map was compiled at a 
time (late 1980s) when it was argued the Broome Sandstone was being over-used in some 
areas, which resulted in the development of saltwater intrusion beneath coastal parts of the 
Broome townsite. 
Pumping at the Broome town water supply borefield lead to the development of a cone of 
depression that is believed to have resulted in an up-coning of the saltwater–freshwater 
interface (Laws 1991a). The saltwater intrusion severely restricted private water supplies in 
some parts of the townsite and the rural subdivisions north of Broome, and limited 
abstractions in the horticultural areas to the east. The Broome borefield has modified 
pumping cycles and rates. New production bores are now located east of Broome, inland 
from the coast to manage the saltwater intrusion issue. 
Laws (1991a) describes the Broome Sandstone as a layered aquifer with the coarse 
sandstones and conglomerates producing higher yields and better quality water than the 
intervening, finer-grained, sedimentary rocks. The aquifer is generally unconfined and there 
is little vertical difference in hydraulic head within the aquifer. Bore yields vary depending on 
the depth of the bore and its construction (Laws 1991a). Bores drilled and screened in the 
coarser sections can obtain yields of more than 2800 m3/d, though shallower bores equipped 
with slotted PVC casing have been reported with lower yields. Production bores in the 
Broome borefield have yields ranging from 1200 to 1500 m3/d. 
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3.3.4 Canning Basin groundwater reconnaissance assessment 
In the early 1990s, a reconnaissance assessment of the Canning Basin was carried out 
(Allen et al. 1992). The assessment was based on figures published in the 1985 Review of 
Australia’s water resources and water use (Australian Water Resources Council 1987) 
together with estimates published from 1984. The methodology used was to define the 
aquifer type, measure the area of the aquifer and then calculate the mean annual recharge 
or renewable groundwater resource. Allen et al. (1992) estimated a mean annual recharge of 
388 GL/yr to the aquifer, based on a 4 per cent proportion of the average rainfall of 
450 mm/yr, recharging the aquifer over an area of 21 550 km2. The estimated average 
volume of water available without affecting aquifer levels (50 per cent of the mean annual 
recharge or throughflow) was determined to be 194 GL/yr (Allen et al. 1992; Allen 1997). 
3.3.5 Western Agricultural Industries investigation 
In the late 1990s, Western Agricultural Industries (WAI) entered into a Memorandum of 
Understanding (MOU) with the state government that set out parameters for a feasibility 
study into large-scale irrigated cotton production in the La Grange area. The MOU stipulated 
requirements for a major investigation into the area’s groundwater resources, a community 
consultation process and other studies into ecological and cultural values. 
The Karajarri Native Title claim (Karajarri People Area A, 2002) was subsequently 
determined over much of the La Grange area, including areas that WAI sought to access for 
groundwater investigations. WAI’s groundwater investigation licence expired in 2004 and, to 
obtain a new groundwater investigation licence, WAI needed permission to access the land. 
WAI were unable to negotiate access to the native title land for exploratory drilling and thus 
did not undertake detailed hydrogeological investigation at that time (Weir 2012). 
As part of the WAI feasibility study, Rockwater Pty Ltd started a preliminary investigation in 
1997 of the Broome Sandstone (Rockwater 1997a) and drilled two investigation bores on 
Shamrock station, south-east of Shamrock Gardens (Rockwater 1997b). Shamrock Bore 
No. 1 was drilled to a total depth of 168 m BGL, using mud-rotary methods, to the top of the 
Jarlemai Siltstone at 164 m BGL (Rockwater 1997b). The hole was completed with 50 mm, 
Class 18 uPVC, hand-slotted from 24.7 to 168.7 m BGL. The annulus was sealed with 
cement from ground level to 10 m. The down-hole geophysics (gamma and resistivity) 
showed areas of silty sandstone and areas of higher porosity moderate to weakly cemented 
sands. A groundwater sample collected at the end of airlifting had a total dissolved salts 
(TDS) measurement of 270 mg/L. 
Shamrock Bore No. 2, about 1.5 km east of Shamrock Bore No. 1, was drilled to a total depth 
of 54 m BGL. The hole was completed with 50 mm, Class 18 uPVC, hand-slotted from 30 to 
54 m BGL. The annulus was sealed with cement from ground level to 9 m. Down-hole 
geophysics showed the Broome Sandstone had low porosity except for the first 9 m of 
surficial aeolian sands. A siltstone band occurred from 46 to 54 m BGL. A groundwater 
sample collected at the end of airlifting had a TDS of 360 mg/L. 
A field census was carried out by Water Management Consultants (WMC) in 1999, where 
they located and inspected a number of spatially distributed bores intersecting the Broome 
Sandstone. At each bore the depth to groundwater was measured to an accuracy of 1 cm but 
the collar elevation was measured to an unknown accuracy by global positioning system 
(GPS) techniques (WMC 1999a). The GPS survey was carried out before Selective 
Availability was turned off in 2000 and as a result, locations derived from the data contain 
some uncertainty (Wikipedia 2012). Figure 20 shows WMC’s flow lines from their contoured 
watertable surface. The flow lines define hydraulic gradients to be to the west and north-
west, towards the coast. The steep hydraulic gradients in the northern part of the area are 
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not well controlled and were defined by a single data point measured in an abandoned water 
supply bore adjacent to petroleum well, Sunshine 1 (WMC 1999a). 
 
Figure 20 Regional watertable elevations and flow lines. Source: WMC (1999). 
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WMC continued preliminary investigation studies for WAI including: 
 constructing hydraulic gradients and flow diagrams (WMC 1999a) 
 test pumping of H Bore, Shamrock Gardens (WMC 1999b) 
 monitoring groundwater levels, approximately fortnightly, in 16 bores in 1999 (WMC 
2000). 
WMC carried out a test pumping program on H Bore on Shamrock Gardens in 1999. The 
production bore had 2 sets of nested observation bores drilled nearby: one set (3D/3S) 1.2 m 
away and the other (4D/4S) 10 m away. The shallow observation bores were screened from 
18 to 30 m BGL and the deep observation bores were screened from 80 to 92 m BGL (WMC 
1999). WMC pumped H bore at an average rate of 3840 m3/d (44.5 L/s) for 46 hours with 
about 7 m drawdown in the production bore. 
WMC’s interpretation from the test pumping was that the Broome Sandstone contains 
structures that produce horizontal stratification, with leaky responses identified between the 
various layers (WMC 1999b). The test pumping data were analysed by the Jacob method, 
which calculates the formation transmissivity from the gradient of a log-linear plot of 
drawdown versus time. The transmissivity results from the test pump are shown in Table 7. 
Table 7 Analysis of early time test data for H Bore test pump 
Monitoring 
bore 
Radius 
m 
Drawdown per 
log cycle 
m 
Transmissivity 
m2/d 
Hydraulic 
conductivity 
m/d 
H Bore 0.15 0.35 2010 111 
Shamrock 3D 1.20 0.24 2930 163 
Shamrock 4D 10.00 0.22 3190 177 
Source: WMC (1999). 
An alternative interpretation suggests that the hydraulic conductivity is too high as it was 
calculated from the screen length of the production bore (18 m). The saturated thickness of 
the aquifer was at least 65 m and the entire aquifer was about 120 m deep, giving the 
hydraulic conductivity range of 25 to 45 m/d (assuming a transmissivity of 3000 m2/d). 
WMC derived throughflow estimates of 0.7 to 4.4 GL/yr/km from their watertable gradients 
and a hydraulic conductivity of 100 m/d calculated from H Bore. These figures need to be 
used cautiously as the hydraulic conductivity has been derived from the test pumping of one 
bore and may not be representative of the hydraulic conductivity of the regional Broome 
Sandstone. 
3.3.6 Vogwill thesis 
Vogwill (2003) studied the hydrogeology and environmental geology of the Roebuck Bay, 
Roebuck Plains and Broome area. He divided the Broome Sandstone into two main facies: a 
lower, fluvial facies, and an upper, deltaic or transitional facies. The lower facies is composed 
of coarse sandstone interbedded with minor amounts of silt and claystone. The upper facies 
contains abundant silts interbedded in the sandstone. Vogwill further divided the upper 
deltaic facies into three subfacies (Table 8). 
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Table 8 Broome Sandstone subfacies  
Facies Subfacies Description 
Upper 
deltaic or 
transitional 
facies 
Bss1 Dominated by interbedded sand/siltstones and minor mudstone, 
which commonly occur in trough, cross-bedded deposits, and 
scour and fill structures. 
Bss2 Characterised by a package of interbedded/interlaminated siltstone 
and sandstone that commonly show herringbone cross-lamination. 
Bss3 Composed of weakly cross-bedded sandstone interbedded with 
laminated and ripple-laminated, sandy siltstone. 
Lower 
fluvial 
facies 
Bss4 Characterised by quartzose, very coarse sand to granulestone, 
with a moderate silt content (5–15%), which contains rare 
interbeds of siltstone. 
Source: Vogwill (2003). 
During the Early Cenozoic (Palaeocene and Eocene), the Canning Basin was traversed by a 
series of fluvial systems, which cut deep valleys into previously deposited Cretaceous and 
older sediments, such as the Broome Sandstone and underlying Jarlemai Siltstone 
(Middleton 1990). From Roebuck Plains oil well stratigraphy and associated cumulative 
frequency distribution of grainsize in the Broome Sandstone, Vogwill concluded there is 
evidence for the existence of a palaeovalley, underlying Roebuck Bay and Roebuck Plains 
(Figure 21). 
Vogwill used both fractal and Euclidean methods to determine hydrogeologic parameters, 
such as porosity and hydraulic conductivity, by indirect analysis (grain size distribution and 
thin section analysis). His results are summarised in Table 9. 
Table 9 Summary of hydraulic conductivity determinations 
Sedimentary 
unit 
Approximate 
depths* 
m BGL 
Pump/slug tests 
m/d 
Euclidean (from 
grainsize) 
m/d 
Fractal analysis 
m/d 
Silt/mud flats 0–5 0.05–0.14 (0.1 avg.) n.a. n.a. 
Pindan 0–10 0.3–1.9 (1.0 avg.) 1.1–10.3 (4.0 avg.) n.a. 
Bss1–3 10–90 2–4 0.9–161 (34 avg.) 0.7–38 (11 avg.) 
Bss4 90–base 2–4 19–168 (82 avg.) 95–127 (112 avg.) 
* Depths of sedimentary units are only approximate and averaged from 9 oil wells from the 
northern part of the La Grange area. The oil well data of Bss1–3 thickness ranged from 60 
to 150 m. 
Note: n.a. not available; avg. average. 
Source: Vogwill (2003). 
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3.3.7 Dampier Peninsula groundwater resource review 
Searle (2012) reviewed the groundwater resources of the Dampier Peninsula (Figure 18). It 
provides a summary of available data and an assessment of the current status of the 
resources. The assessment is intended to guide and support future allocation planning for 
the region, support licensing decision-making in the interim and highlight knowledge gaps. A 
revised interpretation of the geology and hydrogeology of the Dampier Peninsula was carried 
out to guide assessment of the current status of the aquifers in the peninsula. 
The preliminary report reviewed 374 bores from the WIN database and determined that the 
majority of bores are screened in the unconfined, regional Broome Sandstone aquifer, which 
is the largest shallow aquifer across most of the Dampier Peninsula. Bore yields vary 
depending on depth, construction and local aquifer conditions. The coarser sands and 
conglomerates are higher yielding and fresher than the finer grained layers in between 
(Searle 2012). 
Regionally, the Broome Sandstone aquifer in the Dampier Peninsula is folded over the east–
west striking Baskerville Anticline, which dips gently to the west. The aquifer is thickest in the 
limbs of the fold, in the north and south of the peninsula and thin to the centre of the 
peninsula over the nose of the anticline. The Broome Sandstone varies in thickness from 34 
to 383 m thick, with the depth to groundwater varying from less than 10 m around the coast 
to over 100 m in the centre of the peninsula. Saturated thickness is greatest in the west, up 
to 300 m, and gradually thins to an unsaturated zone across the centre of the peninsula. 
Groundwater in this aquifer flows radially from the centre of the peninsula towards the coast. 
Groundwater contours can only be broadly mapped on the peninsula due to gaps in the 
spatial and temporal monitoring of water levels (Searle 2012). 
Water from the Broome Sandstone aquifer is sodium chloride type, with occasional high 
bicarbonate and sulfate concentrations. Magnesium and sulfate appear to be associated with 
saltwater intrusion and the aquifer generally has high silica content. Generally, inland 
groundwater is fresh (< 500 mg/L), with salinities ranging from marginal (501–1000 mg/L) to 
saline (5001–10 000 mg/L) at the coast (Searle 2012). 
Bores drilled and screened in the coarser sands can yield up to 3000 m3/d. However, long-
term pumping from the Broome borefield is generally less than 1500 m3/d per bore. Reported 
hydraulic conductivities from the Broome townsite range from 2 to 42 m/d, but are generally 
around 15 m/d. Transmissivity has a range of 120 to 7200 m2/d (Searle 2012). 
3.3.8 La Grange groundwater allocation plan 
In late 1998, the Department of Water (then Water and Rivers Commission) commenced 
work on a Kimberley regional water allocation plan (Beckwith & Associates 1999). This was a 
broad, strategic plan establishing a regional framework to guide water allocation decisions 
and licensing policy for individual water resources or sub-regions (for example, the Ord 
River) within the Kimberley. The Department of Water use regional allocation plans to 
determine the priority of environmental values and beneficial uses of ground and surface 
water resources within a particular region. 
Beckwith & Associates (1999) reported that a number of stakeholders emphasised the 
limited degree of existing knowledge of the groundwater-dependent ecosystems in the La 
Grange area and the linkages between the La Grange groundwater and coastal ecosystems. 
The variability of rainfall patterns in the area and the length of the area were viewed as 
potential constraints in determining baseline hydrologic conditions. A number of stakeholders 
commented that there is no such thing as a 'normal' wet season. 
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The Department of Water reviewed the estimate of sustainable groundwater extraction, 
based on data collected in 1999 during the WAI feasibility study. The estimate was based on 
measured groundwater levels and pressures and a 20 m/d hydraulic conductivity. After 
subtracting 25 per cent for maintenance of the saltwater–freshwater interface, the volume of 
water available for abstraction was 105 GL/yr. The Department of Water has accounted for 
the groundwater’s ecological and cultural values by allowing about 50 per cent of the 
105 GL/yr to remain in the aquifer to support these values, which results in an allocation limit 
of 50 GL/yr in the Broome Sandstone aquifer in the La Grange areas (Department of Water 
2010). 
3.4 Palaeovalleys  
Palaeovalley networks evolved over long periods of geologic time in response to extreme 
climate changes, such as the onset of aridity. Palaeovalleys may not be apparent at the 
surface because of widespread cover by sand dunes and other younger sediments. 
Geoscience Australia recently led the ‘Palaeovalley groundwater project’, which investigated 
where palaeovalleys may occur, the extent of cover sequences, dimensions, nature of 
sedimentary infill and hydrogeologic properties (English et al. 2012). 
Palaeovalley aquifer and groundwater systems are poorly understood despite their role as 
water sources in arid and semi-arid Australia. Figure 21 shows the palaeovalley 
hypothesised by Vogwill (2003) and the palaeovalleys in the southern part of the La Grange 
area mapped by Geoscience Australia. It is unknown what (if any) impact the palaeovalleys 
may have on water level, yield and groundwater quality of the Broome Sandstone. 
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Figure 21 Inferred palaeovalleys in the La Grange area 
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4. The Broome Sandstone aquifer 
All of the available groundwater data has been used to assess the aquifer and its properties. 
This data has been sourced from the Department of Water’s WIN database, Main Roads 
Western Australia, several non-government reports, and recent monitoring by DAFWA. This 
chapter looks at the spatial distribution of salinity, depth to groundwater, groundwater 
contours, groundwater level trends over time and the aquifer properties. 
4.1 Groundwater  
The WIN database contains 245 bores in the La Grange area, with 115 of those having 
extensive groundwater chemistry analyses. It is unknown if all the bores still exist. The 
location data has an accuracy of 500 m or is unknown, and almost all bores have no 
elevation data. Appendix B contains a summary of the WIN bore data. 
Main Roads Western Australia has a number of bores along the Great Northern Highway for 
water use in road construction. Assessment of some bores indicated that the database 
coordinates are not accurate and the bores need to be located and the position measured 
with a differential global positioning system. The database has bore depths but not screen 
depths. Appendix C contains a summary of these bores. 
The Department of Housing commissioned Parsons Brinckerhoff Australia to develop a 
drinking water source protection plan for Bidyadanga. The associated report considers the 
risks identified in the Bidyadanga drinking water source protection assessment (an 
assessment on the current water supply), which identifies the operational and existing land 
use risks to the Bidyadanga community water source. The protection plan provides 
management strategies which aim to manage, minimise or avoid risk to the quality of the 
water source (Parsons Brinckerhoff Australia 2010). Appendix D contains a summary of the 
Bidyadanga bores. 
Data was obtained from the Rockwater and Water Management Consultants reports for the 
Western Agricultural Industries project. Rockwater drilled several investigation bores and 
geophysically logged the bores. Rockwater carried out a groundwater sampling program on 
Nita Downs in 2011 (N Evelegh 2012, pers. comm.) and the groundwater analyses from 15 
bores have been incorporated into the WIN database data. 
DAFWA installed six dataloggers in bores in 2011 to collect groundwater levels, and in 2012 
measured groundwater levels in six bores monitored by Water Management Consultants in 
1999. The results are in section 4.1.2. 
4.1.1 Depth to groundwater 
To assess the available data and provide an overview of the data coverage, all depth to 
groundwater values (from all sources above) were compiled and contoured in the Surfer 
software package. Figure 22 shows that, in general, depth to groundwater increases away 
from the coast and that there are several areas, mainly the inland parts of the La Grange 
area, where the bore coverage is low or non-existent. 
There are two major anomalies in Figure 22. Two bores in the south-eastern corner show 
shallow depth to groundwater and three bores in the northern section show greater depth to 
groundwater than bores around them. The bores in the south-west corner are near the 
boundary of the La Grange area and may not be screened in the Broome Sandstone. The 
three northern bores show a depth to groundwater of about 40 m, while bores around them 
show a depth of about 15 m. These anomalies may be a product of the database or geology 
and require auditing before continued use. 
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Figure 22 Groundwater depth and contours (m BGL) 
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4.1.2 Groundwater level trends 
Long-term groundwater levels and trends have not been recorded in the La Grange area. 
Twelve bores had water levels monitored approximately fortnightly for one year by Western 
Agricultural Industries in 1999 (Figure 23). Trend analysis of these bores, apart from two of 
them, show a slight increase over the year. Bore Shamrock 4S started giving erratic 
measurements just after monitoring commenced and the bore was thought to be poorly 
sealed (WMC 2000). The other, Rosewood bore, on Anna Plains, showed a bigger increase 
than the other monitored bores, with a rise of about 1.5 m. 
Figure 24 shows the datalogger data from three bores monitored in 2011–12 by DAFWA: 
MRD bore near Shamrock Gardens, and Old Nita Downs and Nita Downs No. 2 on Nita 
Downs station. The MRD bore is near the production bores on Shamrock Gardens so the 
water levels are possibly affected by groundwater pumping. The bores show dampened 
increases in groundwater levels after significant rainfall events. Groundwater levels in most 
of the WAI monitoring bores were measured in 2012 and shows there has been a 
groundwater level rise of up to 2 m between 1999 and 2012, a period of above average 
rainfall (Table 10). 
Groundwater levels are also collected by the licensees as part of their groundwater license 
requirements. This data has not been requested but would be useful in future analysis. 
 
Figure 23 Groundwater levels in 1999. Source: WMC (2000). 
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Figure 24 Groundwater levels in MRD Bore and Nita Downs bores with logger data, 
2011–12  
Table 10 Comparison of groundwater levels between 1999 and 2012 
Bore 
Station / 
horticultural 
area 
Elev-
ation 
m AHD 
Screen 
interval 
m BGL 
Depth to 
water 1999 
m BGL 
Depth to 
water 2012 
m BGL 
Watertable 
rise 1999–
2012 
m 
Kanak 1  UCL (Thangoo)  82 – 66 – – 
Shamrock 1  Shamrock  34.86 25–165 25 23.02 2.0 
Shamrock 2  Shamrock  31.79 8–54 21 19.51 1.5 
Shamrock 3S  Shamrock 
Gardens 
25.2 16–28 16 – – 
Shamrock 3D  Shamrock 
Gardens 
25.2 81–93 16 – – 
Shamrock 4S  Shamrock 
Gardens 
25.2 18–30 16 Destroyed? – 
Shamrock 4D  Shamrock 
Gardens 
25.2 81–93 16 Destroyed? – 
Lungada  Shamrock  53 – 37 34.86 2.1 
Gilberts  Shamrock  77 – 57 56.01 1.0 
Old Nita  Nita Downs 32 – 20 18.38 1.6 
No 3 Bore  Nita Downs 41 – 20 Pump in 
bore 
– 
Rosewood  Anna Plains  36 – 22 20.15 1.8 
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4.1.3 Groundwater salinity 
All of the available total dissolved salts (TDS) data (115 bores) was contoured in the Surfer 
software package (Figure 25). In the south-east, the contours are controlled by four bores 
and the central northern section has a large area where no bores have been sampled, 
possibly because few bores have been drilled there. The bores near the coast generally have 
higher TDS values than the bores further inland. 
Several areas in Figure 25 also show higher TDS values. One area is southern Nita Downs 
were several bores have TDS values around 1000 mg/L. This area is possibly a 
palaeovalley, as identified by Geoscience Australia in Figure 21. The results from the 
proposed AEM will help to resolve groundwater salinity anomalies, the positions of the 
palaeovalleys and whether these palaeovalleys have any control on groundwater salinity 
distribution. 
 
Figure 25 Salinity as total dissolved salts (mg/L) contours for the La Grange area 
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Bidyadanga is the only area where long-term salinity values have been recorded in the WIN 
database and where low salinity water occurs close to the coast. The long-term trend in the 
bores at Bidyadanga showed a slight improvement in TDS from 1987 to 1998, thought to be 
related to the increase in rainfall in the area (Figure 26). 
Other observations and data exists for both groundwater level and salinity in the Broome 
Sandstone aquifer. Much of this data is held as either anecdotes or cultural knowledge. Yu 
(1999) reported on the views of the Karajarri people and other traditional owners concerning 
the cultural significance of groundwater, in the context of the proposed use of groundwater 
for large-scale irrigated agriculture in the area of the Western Agricultural Industries study. 
Yu (1999) describes several areas where saltwater and fresh water are found very close 
together: at Wartalwartalkujarra (Map 2, site no. 201), there is a fresh water source and a 
salty–brackish well nearby; at Jingkamartaji soak (Map 2, site no. 115), a well was dug on 
either side and one was fresh and the other salty. 
 
Figure 26 Groundwater salinity trends for production bores at Bidyadanga, 1987–98 
4.1.4 Saltwater–freshwater interface 
The location of the saltwater–freshwater interface has not been determined in the La Grange 
area, although some bores have high salinity and are located in areas of likely impact 
(Figure 25). 
Until airborne geophysical (airborne electromagnetic, AEM) information is available, 
calculations, such as those based on the Ghyben-Herzberg method, can be used to estimate 
the position of the saltwater–freshwater interface in unconfined aquifers like the Broome 
Sandstone (Ivkovic et al. 2012). This method assumes that in unconfined coastal aquifers 
with steady state flow conditions, the depth to which fresh water extends below sea level is 
about 40 times the hydraulic head above sea level. Thus, if the watertable is 1 m AHD, the 
saltwater–freshwater interface will be about -40 m AHD. If the watertable is 4.5 m AHD 
(about 4–5 km from the coast), the interface will be about -180 m AHD, which is the 
approximate base of the Broome Sandstone. 
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The bores most at risk of increasing salinity are those closest to the coastline, which are 
mainly pastoral and Aboriginal community bores and wells. 
4.1.5 Groundwater chemistry 
The Department of Water’s WIN database has 115 bores in the area with laboratory-derived 
groundwater chemistry analysis. Almost all analyses were a standard potable water analysis 
of acidity, electrical conductivity, TDS, silica, sodium, potassium, calcium, magnesium, 
chloride, sulfate, fluoride, phosphorus, nitrate, ammonia, alkalinity and hardness, plus 
aluminium and boron. Iron and manganese were analysed for some Aboriginal community 
water supplies. 
Of the 115 bores analysed, 43 bores had a TDS below 500 mg/L, 33 bores had a TDS 
between 500 and 1000 mg/L, and the remaining 39 bores had a TDS above 1000 mg/L. 
Three bores had TDS values above 10 000 mg/L. The pH values ranged from 6.4 to 8.4. The 
dominant cation in the chemical analyses was sodium and the dominant anion was chloride. 
Two of the major problems for irrigated agriculture are salinity and sodicity (ANZECC 2000). 
Salinity is the presence of soluble salts in or on soils, or in waters. High salinity levels in soils 
may result in reduced plant productivity. Sodicity is the presence of a high proportion of 
sodium (Na+) ions relative to calcium (Ca2+) and magnesium (Mg2+) ions in soil or water. 
Sodicity degrades soil structure by breaking down clay aggregates, which makes the soil 
more erodible and less permeable to water, and reduces plant growth. 
To assess the salinity and sodicity of water for irrigation use, a number of interrelated factors 
must be considered. These include irrigation water quality, soil properties, plant salt 
tolerance, climate, landscape (including geological and hydrological features), and water and 
soil management (ANZECC 2000). 
Durov diagram 
The bores with chemical analyses and TDS less than 500 mg/L have been plotted in a Durov 
diagram, which helps show trends in groundwater chemistry, and waters of similar chemistry 
should plot in the same area of the diagram or plot along a trend line. The groundwater in the 
La Grange area is mainly sodium chloride type. In the anion section of the Durov diagram, 
three points plot slightly away from the trend line and the rest of the points plot along the 
same trend line (Figure 27). 
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Figure 27 Durov diagram for groundwater with TDS less than 500 mg/L 
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4.1.6 Sodium adsorption ratio 
Sodium adsorption ratio (SAR) is a measure of the suitability of water for use in agricultural 
irrigation, as determined by the concentrations of solids dissolved in the water. Although SAR 
is only one factor in determining the suitability of water for irrigation, in general, the higher the 
SAR, the less suitable the water is for irrigation. Irrigation using water with high SAR may 
require soil amendments to prevent long-term damage to the soil. 
If irrigation water with a high SAR is applied to a soil over many years, the sodium in the 
water can displace the calcium and magnesium in the soil. Displacement will cause a 
decrease in the ability of the soil to form stable aggregates and a loss of soil structure and 
tilth. This may lead to a decrease in infiltration capacity and permeability, leading to problems 
with crop production. 
From the chemistry data, SAR values were determined. Bores with TDS less than 500 mg/L 
(750 µScm-1) have been plotted on a SAR diagram and most waters plot in the C2–S1 box 
(Figure 28). C2 is medium salinity hazard and S1 is low sodium hazard.  
4.2 Aquifer properties 
4.2.1 Recharge 
Recharge to the Broome Sandstone aquifer in the Broome town area is by direct percolation 
from rainfall and by leakage from the coastal dunes north of Broome. Local recharge may be 
provided from surface run-off in Deep Creek. Estimation of recharge from chloride ratios and 
from an interpretation of the flow net for the aquifer indicates a recharge rate of 4 to 5 per 
cent of rainfall (24–30 mm/yr) (Laws 1991a). 
Allan et al. (1992) estimated recharge to the aquifer of 380 GL/yr based on 4 per cent of the 
average rainfall of 450 mm/yr recharging the aquifer, over an area of 21 550 km2. The 
estimated average volume of water able to be extracted without affecting aquifer levels was 
determined to be 194 GL/yr (50 per cent of the mean annual recharge). 
4.2.2 Groundwater throughflow 
Laws (1991b) reported throughflow in the La Grange area to be in the order of 0.2 GL/yr/km. 
WMC (1999a) derived throughflow estimates of 0.7 to 4.4 GL/yr/km from their watertable 
gradients and a hydraulic conductivity from test pumping of H Bore. The throughflow values 
calculated show a large range because the hydraulic conductivity of the Broome Sandstone 
has been poorly resolved. 
4.2.3 Aquifer parameters 
There has been little test pumping of bores in the La Grange area to calculate the aquifer 
transmissivity, specific yield and storage coefficient values. The test pumping that has been 
carried out has mostly been to collect data for license applications. This data is held by the 
Department of Water in consultants’ reports and requires permission from the licensee’s to 
acquire. DAFWA has not requested permission to access this information to date. 
 
A review of the Broome Sandstone aquifer in the La Grange area 
50 
 
Figure 28 SAR diagram for groundwater with TDS less than 500 mg/L 
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4.3 Wallal Sandstone aquifer 
The Wallal Sandstone aquifer lies beneath the Broome Sandstone, Jarlemai Siltstone 
(thought to be an aquitard) and the Alexander Formation (thought to be a minor aquifer). The 
Wallal Sandstone has been investigated in the West Canning Basin but not much has 
occurred in the La Grange area because, near the coast, the top of the Wallal Sandstone is 
about 300 m BGL and excellent supplies and better quality water can be obtained from the 
Broome Sandstone at a lesser depth. There is no known hydraulic connection between the 
Broome Sandstone and the Wallal Sandstone in the La Grange area. 
The Wallal Sandstone is the basal unit of the Jurassic marine transgression over most of the 
Canning Basin. By Oxfordian times (157–163 Ma), the sea had moved further inland, and the 
marine Jarlemai Siltstone was deposited unconformably on the Wallal Sandstone in a 
relatively low-energy environment. During Upper Jurassic and Early Cretaceous times the 
regressive Broome Sandstone was deposited in a non-marine, high-energy environment. 
From the Early Cretaceous until the present, uplift and erosion has taken place with only very 
minor deposition (Leech 1979). 
There are nine known bores in the La Grange area and surrounds  that are constructed in 
the Wallal Sandstone (Figure 29). Only five bores have any data relating to them and two 
bores have water level and salinity data (Table 11). 
Table 11 Bores with groundwater data in the Wallal Sandstone  
Bore  Location 
Depth 
m 
Flow 
L/s 
TDS 
mg/L 
Shut-in 
pressure head 
m AGL 
ACP 1 Broome 594 14 flowing 5465 52 
Freney 1 La Grange 303–493 – – – 
Sharon Ann 1 La Grange 386–586 – – – 
Samphire Marsh 1 La Grange 350–684 – – – 
BMR 4A West Canning Basin 280 22 1023 40 
 
A review of the Broome Sandstone aquifer in the La Grange area 
52 
 
Figure 29 Artesian bores in the Wallal Sandstone in or near the La Grange area 
 
A review of the Broome Sandstone aquifer in the La Grange area 
53 
5. Discussion 
The level of groundwater information currently available is commensurate with the relatively 
low level of groundwater use. The current understanding of key hydrogeological processes 
and potential risks from development in the La Grange area is available from regional studies 
on or near the area (Leech 1979; Laws 1991a; Allen et al. 1992; Vogwill 2003; Searle 2012), 
and localised reviews of areas proposed for further development (WMC 1999a, 1999b, 2000) 
or areas currently developed (horticultural areas through licensing requirements, Main Roads 
Western Australia’s bores and Parsons Brinckerhoff Australia 2010). 
From the available data, the following hydrogeological evidence exists for the Broome 
Sandstone aquifer in the La Grange area: 
 The Broome Sandstone is an extensive (30 000 km2), almost flat-lying (0.3 per cent dip to 
the west), sedimentary unit (up to 200 m thick at the coast) that thins to the east and lies 
at the top of the Canning Basin sedimentary sequence. It has been mapped from 38 oil 
exploration drill holes and pastoral and horticultural bores. 
 The Broome Sandstone is overlain by alluvium and colluvium and rarely outcrops. Tidal 
deposits occur near the coast and aeolian sandsheets and pindan soils cover most of the 
area. It is underlain by the Jarlemai Siltstone, an aquitard that is said to limit hydraulic 
connection between the Broome Sandstone aquifer and lower aquifers. 
 The Broome Sandstone is the primary aquifer because the watertable is close to the 
surface (10 m BGL at the coast to 60 m BGL inland) and is permeable and highly 
transmissive. 
 About 250 exploration, monitoring and production bores have been drilled and data 
entered into the Department of Water’s WIN database. The database contains mainly 
initial groundwater level data. Only 12 bores have any times series data and this was 
recorded for the WAI project in 1999 (WMC 2000). Of the 250 bores, 115 have chemistry 
data, and none, apart from several community production bores at Bidyadanga, have time 
series TDS data. Licensee data from two horticultural properties is collected but not 
recorded in the WIN database. 
 Groundwater salinity is generally low but increases toward the coast and towards the 
Mandora Marsh wetland system. Groundwater chemistry is mainly sodium chloride (NaCl) 
type water and pH ranges from 6.4 to 8.4. 
 Existing horticultural production bores, spaced about 250 m apart, are licensed to 
discharge about 50–60 L/s (cumulative 5 GL/yr). 
5.1 Information gaps and proposed investigations 
This review has identified a number of information gaps in operation and dynamics (long-
term groundwater level trends and quality, and hydraulic properties) of the Broome 
Sandstone aquifer, particularly in areas were the aquifer interacts with agriculture and 
ecosystems. These gaps need investigating to enable government and the regional 
community to make informed decisions about expanding irrigated agriculture in the area. As 
part of DAFWA’s La Grange Project, investigations to fulfil these gaps include: 
 updating the inventory of regional groundwater level and quality data and developing a 
groundwater monitoring network to assess present and future changes in the aquifer and 
groundwater-dependant systems 
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 defining hydraulic properties (transmissivity, hydraulic conductivity and storativity) and 
flow geometry of the Broome Sandstone and underlying and adjoining coastal zone 
systems 
 defining recharge rates, areas and timing (episodicity) 
 locating and defining dynamics of the saltwater–freshwater interface 
 producing tools, such as groundwater models, to assess the Broome Sandstone aquifer 
under existing and potential development scenarios, including the impact on 
environmental and cultural assets. 
The information gaps and investigations identified above are discussed in more detail below. 
5.1.1 Updating regional groundwater data and monitoring network 
There is no long-term groundwater level or quality monitoring, except at Bidyadanga, which 
means there are no recent or long-term trends in groundwater level movement, rainfall 
influence on groundwater levels, and groundwater quality. 
The Department of Water’s WIN database contains data for about 250 bores in the La 
Grange area. However, as noted previously, many of these bores have not been located 
since 1999, have insufficient site data and need to be accurately positioned, logged and new 
measurements recorded on groundwater levels and chemistry. In addition, new bores have 
been drilled since 1999 and are not in the database. 
Updating an inventory of key bores will enhance the data in the WIN database and 
supplement the groundwater data collected through licensee monitoring under the conditions 
of their groundwater licenses, or through hydrogeological investigations undertaken to 
support a license application. This licensee information is confidential and can only be 
released for a particular purpose with the express permission of licensees. 
There needs to be nests of monitoring bores constructed at different depths within the 
aquifer, and located at various distances away from the coast. In addition, in areas where 
there is limited information, such as in the eastern part of the area, and areas where the 
specific relationship between the aquifer and agricultural, environmental and cultural assets 
requires investigation, new and/or recommissioned monitoring wells may need to be drilled.  
Establishing and monitoring a more comprehensive bore network will enable collection of 
time series, groundwater level and quality data to look at processes such as recharge and 
discharge mechanisms (rates, areas and surface water – groundwater interaction), 
throughflow, and the dynamics of the saltwater–freshwater interface, as well as contribute to 
further defining aquifer geometry, hydraulic properties and interaction with environmental and 
cultural assets. 
The spatial distribution of long-term regional monitoring bores also needs to be reviewed and 
more dataloggers need to be installed to improve monitoring coverage. This monitoring 
network will then provide better baseline data for future approvals and reporting. 
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5.1.2 Defining hydraulic properties of the Broome Sandstone 
Groundwater-related hydraulic properties of the Broome Sandstone are required to construct 
and calibrate any groundwater modelling and support assessment of the interaction between 
different horticultural developments and the effect of groundwater extraction on groundwater-
dependent ecosystems and cultural areas. 
The current data come from public consultants’ reports (for example, WAI reports) and the 
WIN database. As a result of the limited spatial accuracy of most bores, information on 
hydraulic gradients is imprecise. 
In addition to the hydraulic properties, improved aquifer geometry is also needed for aquifer 
assessment. While drilling represents the most precise approach to resolve geometry, 
alternatives, such as the use of remote-sensing (AEM) surveys can be used. Wide-spaced 
flight lines may be able to define the base of the Broome Sandstone and also define related 
structures. 
5.1.3 Defining recharge areas and processes 
Groundwater recharge is a critical parameter that has both a high level of natural variability 
and for which methods of estimation have a high level of uncertainty. In the current allocation 
plan, recharge rates have been estimated to range from 4 to 5 per cent of average annual 
rainfall. 
To estimate recharge, several methods can be used, ranging from the water budget 
method—where recharge is estimated as the residual between three numerically large 
values (rainfall, run-off and evapotranspiration)—to hydrograph and geochemical tracer 
methods. 
Recharge assessment using natural tracers (chloride), stable isotopes (such as O18/H2) and 
dating (such as carbon, chlorofluorocarbon) will potentially differentiate between groundwater 
that has been recharged locally (direct infiltration) and that introduced via throughflow from 
inland recharge areas. These techniques are proposed as a means of improving the rainfall-
derived estimate. In addition, numerical modelling will be used to test and verify these 
methods. 
5.1.4 Defining the saltwater–freshwater interface 
The Department of Water considers the saltwater–freshwater interface to be critically 
important to managing the La Grange groundwater resource, a position supported by the 
Indigenous knowledge of the resource (Department of Water 2010). Abstraction of 
groundwater may reduce throughflow and allow the interface to move inland and impact on 
the environment and water users. Increased salinity of water pumped from coastal bores and 
saline water entering groundwater-dependant ecosystems in coastal areas are two issues 
that could be caused by inland movement of the interface. 
Very little is known about the depth, slope and inland penetration of the saltwater–freshwater 
interface, nor its mobility and degree to which development (extraction for irrigation or 
similar) may cause it to interact with coastal springs and wetlands. 
Methods to map the interface range from those based on drilling, to remote-sensing systems, 
such as AEM. The former can be expensive and has added difficulties of access and scale of 
assessment. The latter has been used elsewhere (James Price Point, Pilbara, and Dampier 
Peninsular) to obtain information quickly over large areas of coastline. AEM would also 
provide other information, including groundwater salinity and aquifer geometry, and inform 
groundwater modelling. 
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5.1.5 Producing tools to assess the interaction of the Broome Sandstone 
aquifer with environmental, cultural and other assets 
Improved planning tools are needed to provide a means of assessing development options 
and their potential impact on environmental and cultural assets, and the aquifer systems.  
Specific information needs to be collected on the location and type of wetlands (for example, 
springs and groundwater-dependant ecosystems) and their interaction (if any) with the 
Broome Sandstone. The inter-relation between these features, climate and cultural practices 
also needs consideration. Gathering this information will require close cooperation between 
managing agencies and the local community. 
After defining the assets, groundwater investigations and tools will be required to determine if 
groundwater extraction (increased or at current levels) may have an effect on the assets. To 
achieve this, fine-scaled field investigations may need to be combined with quantitative 
modelling. Monitoring of groundwater levels near groundwater-dependent ecosystems may 
also be required to better understand the potential impacts of horticultural development on 
these ecosystems. Developing a hydrogeological model will give a better understanding of 
potential drawdown effects with increased horticultural development. 
5.2 Recommendations 
This review recommends the following activities for collecting data in the La Grange area: 
 update the inventory of bores and the WIN database. The existing bore location, elevation 
and related data need to be reviewed and new production and monitoring bores added 
 collect water samples from bores previously sampled and measure field values and 
laboratory analysis to determine trends, whether related to land use or rainfall 
 collect rainfall and groundwater geochemical data to assess recharge (isotopes, dating 
and similar) 
 define the requirements for an AEM survey to assess aquifer geometry (Broome 
Sandstone, watertable, groundwater salinity, and position of the saltwater–freshwater 
interface) 
 fly the AEM survey to give a better understanding of the palaeovalley locations, help show 
their effect (if any) on groundwater quality in the Broome Sandstone and help define the 
geological structure 
 assemble Aboriginal groundwater knowledge and any other relevant data and incorporate 
into the project 
 commence long-term groundwater level monitoring (including dataloggers) and review 
trends 
 analyse petroleum bore data, including gamma logs, lithological descriptions and 
formation depths to look at the geometry of the Broome Sandstone, especially in eastern 
areas 
 obtain test pumping data for production bores.  
Once the above data has been collected and compiled, a better understanding of the 
hydrogeology of the Broome Sandstone will be achievable, which, in turn, will lead to a 
targeted works program to underpin the proposed groundwater modelling. 
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6. Conclusion 
The Broome Sandstone contains the principal aquifer in the La Grange area and covers over 
30 000 km2 along the coastal margin of the Canning Basin. The aquifer is a highly 
transmissive, weakly cemented sandstone that is coarser at depth. Along the coastline, the 
depth to the base of the Broome Sandstone is up to 200 m below ground level. The 
groundwater quality is generally fresh but there are several areas where it is more saline, 
such as along coastal areas and towards the Mandora Marsh wetland system. 
Historically, the aquifer has been primarily used for stock and domestic supplies to support 
pastoral stations, tourism, and Aboriginal communities. More recently, two horticultural 
properties have been established that together, are allocated 5.2 GL/yr to irrigate up to 
600 ha of land. In addition, other stations have applied for and/or received diversification 
approval and also propose to establish horticultural ventures. 
As a result of its location and to-date limited level of development, there has been limited, 
coordinated hydrogeological work undertaken and the only regional assessment of the area 
was carried out two decades ago by Laws (1991a) and Allen et al. (1992). However, several 
private hydrogeological investigations have been conducted, including the well-publicised 
WAI investigations in 1999. 
Some of the historic groundwater data was entered in the Department of Water’s WIN 
database. However, there is no data post-1999 and a considerable effort will be required to 
update the database and implement a monitoring program. Selected bores will need to be 
equipped with dataloggers to obtain information on recharge and provide baseline 
groundwater level trends. 
Recharge and discharge areas and processes need to be identified and better understood to 
enable appropriate management of the aquifer and future use. The saltwater–freshwater 
interface has not been defined and airborne electromagnetics can be used to identify the 
interface along the coastline. Accurately determining the position of the interface, the 
locations of environmental and cultural assets and existing horticultural areas, will assist in 
defining the potential for impacts and the risks of future development. 
The hydraulic properties of the Broome Sandstone needs to be better understood as the La 
Grange groundwater allocation plan is based on an average hydraulic conductivity of 20 m/d. 
The hydraulic conductivity has a direct relationship with throughflow, the amount of 
groundwater moving through the system and therefore the availability of water for use. 
The specific relationship between the aquifer and agricultural, environmental and cultural 
assets requires investigation, which will require support of all the area’s stakeholders and 
include targeted monitoring of assets and regional groundwater levels. 
A groundwater model needs to be developed so the potential effects of groundwater 
pumping on environmental and cultural assets can be estimated. The model will also allow 
the optimum spacing of horticultural precincts to be calculated so there is minimal impact 
from neighbouring activities. 
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Appendix A Oil well bores 
Table A1 Oil well water supply bore summary 
 
Oil well 
name Easting* Northing Bore location 
Depth 
drilled 
m 
Cased/ 
construction Formation 
1 
 
Anna Plains 1 339070 7861160 ? - - - 
2 Aquila 1 465230 7945457 Bore near rig 128 Dud Broome 
Sandstone 
3 Aquila 1 465230 7945457 5 km NW of rig 85 Dud Broome 
Sandstone 
4 Aquila 1 465230 7945457 Bore near rig 220 Dud Broome 
Sandstone? 
5 Aquila 1 465230 7945457 Bloodwood bore ? ? Broome 
Sandstone? 
6 BMR 04 
Mandora 
263269 7816078 Coast well 165 m 
from rig 
? Well ? 
7 BMR 04A 
Mandora 
263502 7815904 BMR 04 Mandora 428.5 Flowing Wallal 
Sandstone 
8 Calamia 1 373897 7834662 Bore next to rig ? ? ? 
9 Crab Creek 1 449633 8007726 Pre-existing bore ? ? ? 
10 
 
Cudalgarra 1 428764 7874655 Bore next to rig ? ? ? 
11 
 
 
Cudalgarra 2 423901 7876422 50m WNW from 
rig 
300 ? Alexander 
Formation? 
12 Cudalgarra 
North 1 
426252 7880272 ? ? ? ? 
13 Darriwell 1 406167 7833810 Water bore 
100 m NW of rig 
? ? ? 
14 East Crab 
Creek 1 
458736 8007896 Bore near camp 
site 
36.6 150 mm PVC Broome 
Sandstone? 
15 East Crab 
Creek 1 
458736 8007896 Bore near rig 24.4 150 mm PVC Broome 
Sandstone? 
16 
 
 
 
Freney 1 444073 8008086 Bore near rig 20 ? ? 
17 Goldwyer 1 434964 7967720 ? - - - 
18 Goorda 1 493669 7946472 ? - - - 
19 Great Sandy 
1 
432316 7875604 Two new bores, 
no loc. given 
? ? ? 
20 Great Sandy 
1 
432316 7875604 Two new bores, 
no loc. given 
? ? ? 
21 Great Sandy 
2 
432310 7875604 Existing bore ? ? ? 
22 Hedonia 1 436865 7979254 Bore near camp 
site 
49 150 mm PVC Broome 
Sandstone 
23 Hedonia 1 436865 7979254 Bore near rig 79 150 mm PVC Broome 
Sandstone 
24 Hilltop 1 424964 7977340 Bore near rig approx. 
40 m 
? Broome 
Sandstone 
25 Hilltop 1 424964 7977340 Bore near rig approx. 
40 m 
? Broome 
Sandstone 
(continued)
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Supply 
L/s Quality Comments from oil well completion reports  
- - A windmill is marked on the map location for the oil well, but no 
details on whether it is the water source. 
1 
nil   Dud 2 
 
nil   Dud. Water reported previously at 50 m. 3 
 
nil   Dud 4 
 
? ? Carted water 57 km from Roads bore. 5 
 
? ? Coast well 240 m from rig. Oil well abandoned because of artesian 
flow. 
6 
50 ? BMR 04A cased as artesian water bore. 7 
 
? ? Water bore next to rig. 8 
? ? Water pumped from a local pre-existing water bore 9 
sufficient excellent Water excellent quality was obtained in sufficient quantities from a 
water well drilled on location. 
10 
? low 
salinity 
The water supply for the Cudalgarra #2 well-site came from a water 
well, drilled to a depth of 300m and located approx. 50m WNW of the 
Cudalgurra No. 2 well (Alexander Formation?). 
11 
    No mention of water supply in well completion report. 12 
 
? ? Rig site 13 
 
? ? Camp site 14 
 
? ? Rig site 15 
 
? extremely 
salty 
Hauled from Crab Creek 1 located 5 km due east. Drinking water was 
obtained from Roebuck located 30 km to the NE. Oil well was 
plugged back and completed as a water well producing from the 
Jurassic Wallal Sandstone. 
16 
- - No mention of water supply in well completion report. 17 
- - No mention of water supply in well completion report. 18 
high flow 
rates 
low 
salinity 
Two bores were drilled by Webber Holdings Pty Ltd to supply rig and 
camp water. 
19 
high flow 
rates 
low 
salinity 
Two bores were drilled by Webber Holdings Pty Ltd to supply rig and 
camp water. 
20 
? ? Two submersibles installed and retrieved. 21 
 
5 ? ? Camp site 22 
 
5 ? ? Rig site 23 
 
? ? 149.3 m on a bearing N25°E 24 
 
? ? 51.4 m on a bearing N10°E 25 
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Table A1 continued 
 
Oil well 
name Easting* Northing  Bore location 
Depth 
drilled 
m 
Cased/ 
construction Formation 
26 Juno 1 401623 7858646 ? - - - 
27 Kanak 1 434927 7968020 Bore 110 m NNW 
of rig 
90 PVC slotted 
84–90 m 
Broome 
Sandstone 
28 Leo 1 431229 7871683 ? ? ?   
29 Munda 1 425910 7846718 Bore near rig? ? ? ? 
30 Munro 1 446583 7803495 Bore near rig? ? ? ? 
31 Munro 1 446583 7803495 Bore near rig? ? ? ? 
32 Munro 1 446583 7803495 Bore near rig? ? ? ? 
33 Musca 1 495476 7861848 Bore near rig? ? ? ? 
34 
 
Nita Downs 1 415863 7881917 Carted water NA NA NA 
35 Parda 1 395670 7906187 Two bores close 
to site 
? ? ? 
36 Parda 1 395670 7906187 Two bores close 
to site 
? ? ? 
37 Roebuck Bay 
1 
442806 7992119 ? - - - 
38 Samphire 
Marsh 1 
309342 7840588 ? - - - 
39 Sharon Ann 1 394611 7956828 150 m south of rig 54 PVC slotted 
48–54 m 
Broome 
Sandstone 
40 Sunshine 1 488886 7959223 ? - - - 
41 Thangoo 1 488621 7969234 ? - - - 
42 Thangoo 1A 488025 7969738 ? - - - 
43 Thangoo 2 490531 7961030 Three bores near 
rig 
131.1 150 mm PVC 
slotted 84.1–
89.3 m & 
95.4–100.5 m 
Broome 
Sandstone 
44 Thangoo 2 490531 7961030 Three bores near 
rig 
137.2 150 mm PVC 
slotted 97.5–
103.6 m & 
134.1–134.7 m 
Broome 
Sandstone 
45 Thangoo 2 490531 7961030 Three bores near 
rig 
131.1 150 mm PVC 
slotted 91.4–
100.6 m. 
Broome 
Sandstone 
46 Twin Buttes 1 494331 7953353 ? - - - 
47 Vela 1 488940 7853750 Bore near rig? ? ? ? 
48 Wallal 
Corehole 1 
252137 7801963 ? - - Wallal 
Sandstone 
49 Whistler 1 489115 7968767 ? - - - 
50 Willara 1 402754 7879008 Water bore No 1 86.9 76.2 Broome 
Sandstone 
51 Willara 1 402754 7879008 Water bore No 2 85.4 76.2 Broome 
Sandstone 
52 Willara Hill 1 382433 7892291 Water bore drilled 
on location but dry 
40.3 36.6 Broome 
Sandstone 
53 Woods Hills 1 397248 7835286 Bore near rig? ? ? ? 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994.
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Supply 
L/s Quality Comments from oil well completion reports  
- - No mention of water supply in well completion report. 26 
? ? Rig site 27 
 
? ? No mention of water supply in well completion report. 28 
0.75 fresh Drilled by Digicon. 29 
3.2 fresh No bore location in well completion report 30 
3.8 salty No bore location in well completion report 31 
3.2 salty No bore location in well completion report 32 
? ? Drilled by Weber Drilling Pty Ltd. 33 
na na Water was trucked from a dam located near the Nita Downs 
homestead. 
34 
? ? Two water wells drilled close to site. 35 
 
? ? Two water wells drilled close to site. 36 
 
- - No mention of water supply in well completion report. 37 
 
- - No mention of water supply in well completion report. 38 
 
? ? Oil Well completed as water bore in Wallal Sandstone? 39 
 
- - No mention of water supply in well completion report. 40 
- - No mention of water supply in well completion report. 41 
- - No mention of water supply in well completion report. 42 
2.5 ? Drilled to 131.1 m. Discharge 2.5 L/s. 43 
 
 
 
1.9 ? Drilled to 137.2 m. Discharge 1.9 L/s. 44 
 
 
 
2.5 ? Drilled to 131.1 m. Discharge 2.5 L/s. 45 
 
 
- - No mention of water supply in well completion report. 46 
? ? Bore drilled by Weber Drilling Pty Ltd. 47 
- 850 Wallal Corehole 1 cased as artesian water bore. 48 
 
- - No mention of water supply in well completion report. 49 
? ? No.1 Water well drilled to 285' and cased to 250'. 50 
 
? ? No.2 Water well drilled 280' and cased to 250'. 51 
 
nil na Bore dry. Carted water. 52 
 
? ? Water bore and turkey nest. 53 
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Appendix B Department of Water’s WIN database data 
Table B1 Mandora station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20074529 Marlambool 288382 7827201 500 
2 20074530 Sandfire No.1 281542 7816860 ? 
3 20074531 Worro (172) 277537 7822741 500 
4 20074532 Ram Paddock No 1 (173) 279769 7822092 500 
5 20074533 Ram Paddock No 2 (174) 279788 7822461 500 
6 20074534 Wyndham (177) 288375 7827232 500 
7 20074535 Marlambool (179) 284633 7825573 500 
8 20074536 Mud No 1 (150) 275730 7815205 500 
9 20074537 Mud No 2 (151) 275761 7815206 500 
10 20074538 House (152) 273899 7815029 500 
11 20074539 House (153) 273892 7815041 500 
12 20074540 Voogle (166) 271336 7816021 500 
13 20074541 Nalgie (167) 269992 7815269 500 
14 20074542 Telegraph Well (168) 269599 7816768 500 
15 20074543 House Garden (171) 273255 7815875 500 
16 20074544 Mud Bore 276056 7814977 500 
17 20074545 Yoogli Well 271756 7815727 500 
18 20074546 156 289953 7808975 500 
19 20074547 Islands (159) 289808 7813578 500 
20 20074548 Garden No 1 (160) 285894 7814294 500 
21 20074549 Garden No 2 (161) 285881 7814294 500 
22 20074550 Mooglie (162) 280231 7809824 500 
23 20074551 Bakers (163) 282853 7807510 500 
24 20074552 Mooglie (164) 280256 7809831 500 
25 20074553 Old Homestead Well 278036 7811687 500 
26 20074554 Outcamp Well 286127 7814696 500 
27 20074555 Sampson (165) 273956 7811518 500 
28 20074556 Moojan (169) 268549 7812422 500 
29 20074558 Teds Bore 273496 7810352 500 
30 20076220 Woolermapper (157) 294614 7814031 500 
31 20076221 Corbetts (158) 297692 7809124 500 
32 20076222 Sandfire (207) 299412 7812982 500 
33 20076223 Sandfire (208) 299412 7812982 500 
34 20076224 Boulder (237) 298328 7806846 500 
35 20076225 Kp 4 (204) 292489 7810400 500 
36 20076226 Tafts (170) 291465 7806086 500 
37 20076227 Gravel Pit Bore 297502 7814572 500 
38 20076228 Garden Bore (?) 298837 7814427 500 
39 20076229 Artesian Bore 292697 7810162 500 
40 20076230 New Taft Bore 290957 7806397 500 
41 20076242 Man 3-90 293640 7821823 500 
42 20076243 Cattle Mill (154) 295285 7816570 500 
43 20076244 Cattle Mill (155) 295279 7816570 500 
44 20076245 Maxwell No 1 (175) 292234 7827552 500 
45 20076246 Maxwell No 2 (176) 292235 7827520 500 
46 20076247 Coles (236) 299511 7818614 ? 
47 20076248 Cattle Bore (+ Well) 297156 7815225 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
no 4.00 16/08/97 6.5 1330 05/11/87 1 
yes     276     2 
no 4.40 15/08/97 6.9 3910 05/11/87 3 
no     6.8 5450 05/11/87 4 
no     6.7     5 
no 2.40 16/08/97 4.8 4210 05/11/87 6 
no 4.00 16/08/97 7.3     7 
no 4.57 30/06/70 12.19 1610 05/11/87 8 
no 4.57 30/06/75 15.24     9 
no 6.10 30/06/86 10.67     10 
no 6.10 30/06/84 12.19 740 04/11/87 11 
no 5.30 - 6.8 1100 04/11/87 12 
no 3.00 - 5.5 2010 04/11/87 13 
no 1.90 14/08/97 4 0 04/11/87 14 
no     5.7 2120 04/11/87 15 
no 2.10 14/08/97       16 
no 4.90 14/08/97       17 
no 9.80 -       18 
no 4.50 - 5 900 05/11/87 19 
no 6.10 30/06/60 15.24 760 05/11/87 20 
no 4.50 30/06/60 15.24     21 
no 8.10 30/06/60 15.24     22 
no 10.67 30/06/60 21.34 510 05/11/87 23 
no     9.3 640 05/11/87 24 
no 2.80 14/08/97       25 
no 0.90 15/08/97       26 
no 15.50 - 16.6 770 04/11/87 27 
no 4.88 - 6.1 820 04/11/87 28 
no 5.80 14/08/97       29 
no 5.49 - 15.24 880 05/11/87 30 
no 21.34 - 27.43 440 05/11/87 31 
no 18.29 - 36.58 420 09/11/87 32 
no 18.29 - 36.58     33 
no           34 
no       750 09/11/87 35 
no 19.20 30/06/70 27.43     36 
no 2.50 16/08/97       37 
no 3.00 16/08/97       38 
no           39 
no 21.10 16/08/97       40 
yes 4.50 - 15     41 
no     5.3 1560 05/11/87 42 
no 6.10 - 15.24     43 
no     5.5     44 
no 2.90 16/08/97 5 1330 15/11/87 45 
no           46 
no 1.50 16/08/97       47 
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Table B2 Anna Plains station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 10393620 Warriatta 1-93 348490 7827903 300 
2 10393627 Warriatta 2-93 348556 7830022 300 
3 10393634 Warriatta 3-93 348573 7831670 300 
4 10393646 Warriatta 4-93 348547 7831895 300 
5 11677151 1-94 359560 7837001 300 
6 11677375 2-94 359323 7837027 300 
7 20076198 Wilddog (137) 333811 7841367 500 
8 20076199 Anna Plains No 3 (K5) 332484 7842288 500 
9 20076200 Widjuble 324551 7841525 500 
10 20076201 Winjupp (109) 324558 7841525 500 
11 20076202 Shovel New Bore (110) 321160 7837138 500 
12 20076203 Rocky 1 (112) 318198 7834470 500 
13 20076204 Rocky 2 (113) 318198 7834470 500 
14 20076205 Rosewood (131) 324857 7830977 500 
15 20076206 Josephs (132) 328491 7838461 500 
16 20076207 Anna Plains No 2 (K4) 324681 7833569 500 
17 20076208 241 318174 7834425 500 
18 20076209 Lyngett (128) 338629 7820782 500 
19 20076210 Saturday (234) 332779 7820366 500 
20 20076211 Scotland or Manganarry (114) 318473 7828974 500 
21 20076212 Combo (116) 319722 7821886 500 
22 20076213 Combo 117 319722 7821886 500 
23 20076214 Friday (129) 325995 7820179 500 
24 20076215 Emu (130) 324081 7824715 500 
25 20076216 Ennis (233) 324100 7824747 500 
26 20076217 Anna Plains No 1 (K3) 320206 7826948 500 
27 20076231 Nambeet No. 1 304394 7840021 500 
28 20076232 Nambeet No. 2 304394 7840021 500 
29 20076233 Samphire Marsh No. 1 309198 7841377 500 
30 20076234 Artesian No. 2 305579 7829441 500 
31 20076235 No. 2 Erinbee 307239 7838164 500 
32 20076236 Fence Line (238) 315284 7839457 ? 
33 20076237 242 312342 7834392 ? 
34 20076238 Sandfire No 2 (K2) 315328 7822308 500 
35 20076240 Scotland Point (209) 311774 7827899 ? 
36 20076241 240 315320 7829076 ? 
37 20076249 New Curdingy Bore (118) 341983 7873083 500 
38 20076250 Old Curdingy (119) 341983 7873083 500 
39 20076251 120 341592 7877134 500 
40 20076252 Coast (213) 339175 7878912 500 
41 20076253 Sandy Gap (231) 337549 7875164 ? 
42 20076254 Sandy Gap (232) 337556 7875164 ? 
43 20076255 91 341065 7870406 500 
44 20076256 92 341065 7870406 500 
45 20076257 93 341065 7870419 500 
46 20076258 94 341065 7870419 500 
47 20076259 95 340361 7870233 500 
48 20076260 Sandy's (100) 341642 7858860 ? 
49 20076261 Mono (101) 336419 7859048 ? 
(continued) 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
yes 2.98 22/07/93 18.83   1 
yes 3 23/07/93 25   2 
yes 3.6 23/07/93 49 1350 23/07/93 3 
yes 4.8 24/07/93 49 1550 24/07/93 4 
       5 
       6 
yes 13.72 11/12/67 28.96 300 08/10/84 7 
  10.76 - - 310 09/11/87 8 
    4.4 2360 29/10/87 9 
    11.58 2320 08/10/84 10 
  5.6 30/06/87 25.8 2740 29/10/87 11 
no 3.8 19/05/69 14.33 4370 29/10/87 12 
    13.11   13 
yes 20.42 30/06/67 32 310 30/10/87 14 
     450 30/10/87 15 
  25.79 - - 430 09/11/87 16 
    -   17 
    5.4 1490 30/10/87 18 
       19 
  3.6 - 5.7 7940 29/10/87 20 
  2.5 - 5 1080 - 21 
    - 3010 29/10/87 22 
    - 1630 30/10/87 23 
yes 14.63 30/06/67 28.04 720 30/10/87 24 
       25 
    -   26 
  2.64 - 6.4   27 
  2.44 - 4.5   28 
yes 0 30/06/58 319.28 1840 29/10/87 29 
yes   356.62 2320 08/10/84 30 
     1690 - 31 
yes 5.49 04/08/84 12.19   32 
    -   33 
  6 - - 24900 02/11/87 34 
yes   36.58   35 
    -   36 
yes 4.8 30/06/84 13.11 2090 29/10/87 37 
    - 4350 08/10/84 38 
  6.4 30/06/80 11.4 2930 29/10/87 39 
    6.71   40 
yes   67.06   41 
yes 4.88 30/06/87 12.19   42 
    - 1490 28/10/87 43 
    - 740 28/10/87 44 
    6   45 
    4.6 690 - 46 
    4.6 630 - 47 
    - 870 29/10/87 48 
    18.29 3440 29/10/87 49 
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Table B2 continued 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
50 20076262 Erinbee (102) 336066 7857221 ? 
51 20076263 Erinbee (103) 336086 7857196 ? 
52 20076264 Anna Plains #1 (149) 340883 7864429 ? 
53 20076265 243 335457 7857107 ? 
54 20076266 Noreen No. 1 324142 7858763 500 
55 20076267 Noreen No. 2 323595 7857607 ? 
56 20076268 Noreen No 2 (227) 324162 7857955 500 
57 20076269 Ocean (228) 323595 7857594 ? 
58 20076270 Nurdy (104) 330260 7848643 500 
59 20076271 Stewarts (105) 330298 7843638 ? 
60 20076272 Wyndham (136) 331814 7843579 ? 
61 20076273 Bullhead (138) 337998 7845789 ? 
62 20076274 Threeways (139) 340252 7853926 ? 
63 20076275 Marmalite (230) 341855 7855982 ? 
64 20076276 Alston (235) 336241 7850016 ? 
65 20076277 244 342186 7848157 ? 
66 20076278 Anna Plains No 4 (K6) 336633 7846671 500 
67 20076279 Moojan 318180 7850011 500 
68 20076280 Artesian No. 1 320741 7851449 500 
69 20076281 Homestead Bore 319989 7849965 500 
70 20076282 Anna Plains At No. 1 322482 7853221 500 
71 20076283 Dellas (106) 326314 7843895 ? 
72 20076284 Dellas (107) 326314 7843895 ? 
73 20076285 Indian (229) 319820 7852499 ? 
74 20077686 Pincher (221) 347121 7839992 ? 
75 20077687 White (222) 347448 7833056 ? 
76 20077688 Dedrim (223) 346871 7819548 ? 
77 20077689 New Genark (224) 351779 7821545 ? 
78 20077690 Genark 225 352916 7819656 ? 
79 20077700 Yellowgap (98) 343991 7866035 500 
80 20077701 Yellowgap (99) 343991 7866035 500 
81 20077702 Pindan (147) 347244 7869380 500 
82 20077703 New Gleeson (148) 348616 7861158 500 
83 20077704 White Gum (142) 353358 7859242 500 
84 20077705 No 2 (216) 351523 7866946 500 
85 20077706 Anna Plains No 6 (K8) 351898 7864096 500 
86 20077707 Bakers (140) 342809 7850568 500 
87 20077708 Milly Milly (141) 350288 7855686 500 
88 20077709 Deep (217) 348802 7847670 ? 
89 20077710 Lost (218) 343152 7845989 ? 
90 20077711 Moses (219) 347477 7850038 ? 
91 20077712 Walnut (220) 353449 7849536 500 
92 20077713 Anna Plains No 5 (K7) 345380 7856409 500 
93 20077722 Standby No 1 K11 358873 7893598 500 
94 20077724 Mcphee Well 344764 7889393 500 
95 20077726 Calanjaddie 123 346108 7885220 500 
96 20077727 Mannerie (125) 353263 7889375 500 
97 20077728 Johnsons (129) 350876 7892596 500 
98 20077729 New 347431 7886215 500 
(continued) 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
    17.37 2240 29/10/87 50 
  2.6 - 6.4   51 
    1160   52 
    -   53 
  4.57 - 6.1   54 
  5.03 - 5.49   55 
yes   6.71   56 
       57 
  3 - 5.2 1810 29/10/87 58 
yes 3.05 - 24.38 2460 29/10/87 59 
    - 840 29/10/87 60 
yes 19.81 30/06/67 32 380 29/10/87 61 
yes 13.41 16/04/84 28.04 370 29/10/87 62 
       63 
       64 
    -   65 
  13.72 - - 310 09/11/87 66 
  5.33 -    67 
yes   388.62 1662 30/06/71 68 
       69 
    356.62 1770 13/11/73 70 
  4.7 - 6.2 660 29/10/87 71 
    11.58 640 08/10/84 72 
    6.1   73 
    49.07   74 
    -   75 
    -   76 
    30.18   77 
       78 
  2.3 - 5.7 920 29/10/87 79 
  2.2 - 24.6   80 
    - 430 02/11/87 81 
yes 4.57 30/06/67 17.37 940 08/10/84 82 
    16.46 370 30/10/87 83 
  13.11 30/06/20 19.2 670 08/10/84 84 
  10.34 - - 290 28/10/87 85 
    - 350 30/10/87 86 
yes 6.71 30/06/87 23.16 480 30/10/87 87 
       88 
    -   89 
       90 
    16.46   91 
  2.96 - - 1330 02/11/87 92 
  24.61 - - 620 26/10/87 93 
  0 - 4.27 570 08/10/84 94 
    5.1 1380 29/10/87 95 
  3.2 - 4.9 950 29/10/87 96 
    5.2 1480 29/10/87 97 
       98 
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Table B2 continued 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
99 20077730 Corner (212) 354184 7885638 ? 
100 20077732 Nita Downs No 2 (K10) 356516 7883771 500 
101 20077733 Talgarno Artesian 344768 7871642 500 
102 20077734 No. 1 Shallow Bore 344691 7871541 500 
103 20077735 No. 4 Shallow Bore 344691 7871541 500 
104 20077736 No. 5 Shallow Bore 344691 7871541 500 
105 20077737 No. 6 Shallow Bore 344691 7871541 500 
106 20077738 No. 7 Shallow Bore 344691 7871541 500 
107 20077739 No. 8 Shallow Bore 344691 7871541 500 
108 20077740 Talgarno No. 2 344691 7871541 500 
109 20077741 Nummery (121) 344408 7878439 500 
110 20077742 Nummery 122 344408 7878439 500 
111 20077743 Nita Downs No 1 (K9) 354617 7873025 500 
112 20077744 Bauhinia (143) 349250 7875498 500 
113 20077745 Pidgeon (144) 350311 7879959 500 
114 20077746 Beden Beden (145) 355049 7879396 500 
115 20077747 No 4 Bore (146) 353607 7873172 500 
116 20077748 Fox (211) 351274 7884884 500 
117 20077749 Spinifex (214) 354384 7876999 ? 
118 20077750 Spinifex (215) 354384 7877024 ? 
119 20077751 No 1 (226) 349277 7876623 ? 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
Table B3 Nita Downs station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20077691 Pauls (81) 369424 7888099 500 
2 20077692 Eagles Nes (85) 385107 7883954 ? 
3 20077693 Vanyas (71) 372037 7883605 500 
4 20077694 Phire Hill (77) 369188 7877983 500 
5 20077695 Schulze (80) 381199 7875835 ? 
6 20077696 Black Douglas (79) 383336 7865097 ? 
7 20077697 Silent Valley (78) 371655 7868984 500 
8 20077698 Willara No 1 (88) 371541 7862680 ? 
9 20077699 Fox (72) 363107 7864604 ? 
10 20077714 Norms (73) 363785 7885198 500 
11 20077715 Bore 360410 7888833 500 
12 20077716 Jeans (76) 359113 7888849 500 
13 20077717 Waynes (82) 361741 7891118 500 
14 20077718 Coffey's House (83) 360422 7888801 500 
15 20077719 Hoyle House No 2 (86) 360422 7888801 500 
16 20077720 Diamond (89) 360422 7888801 500 
17 20077721 Road (Hoiles) (90) 360422 7888801 500 
18 20077723 Garden No 1 (87) 360403 7888827 500 
19 20077731 Round Tank (70) 363685 7883616 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
    -   99 
  19.25 - - 380 28/10/87 100 
yes   403.56 1980 08/10/84 101 
    20.42   102 
    19.81   103 
    18.9   104 
    18.9   105 
    13.41 295 - 106 
  11.28 - 17.68   107 
yes   400.81 2000 30/06/67 108 
    8.53 1080 29/10/87 109 
    -   110 
  18.25 - - 360 28/10/87 111 
yes 17.37 30/06/67 28.65 370 02/11/87 112 
yes 2.44 30/06/67 16.46 550 02/11/87 113 
yes 4.27 30/06/67 16.46 420 02/11/87 114 
    - 310 02/11/87 115 
yes 11.28 30/06/67 20.73   116 
yes 5.49 30/06/84 27.74   117 
yes 7.32 30/06/67 17.37   118 
    -   119 
 
 
Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
 27.6 - 35.05 
  
1 
 
  
60.96 
  
2 
 20.5 30/06/82 28.96 
 
30/06/82 3 
 20.1 - 34.14 
  
4 
 17.5 - 36.58 
 
- 5 
 21 - 39.62 
 
- 6 
 21 - 36.58 220 27/10/87 7 
 47.24 - 71.93 
 
- 8 
 30.9 - 37.19 180 27/10/87 9 
 
  
0 
  
10 
 21.34 - 27.43 760 26/10/87 11 
 16.4 - 18.29 
  
12 
 23.8 - 27.7 740 27/10/87 13 
 
  
39.93 
  
14 
 20.73 - 39.62 
 
- 15 
 20.73 30/06/84 42.67 
 
30/06/84 16 
 20.73 30/06/86 42 640 26/10/87 17 
 20.73 - 39.62 
 
- 18 
 12.7 - 19.9 590 27/10/87 19 
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Table B4 Frazier Downs station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 8041 No.1  La Grange 371042 7933601 300 
2 8042 Aux Bore  La Grange 371037 7933411 300 
3 10391734 1/93 371172 7934063 300 
4 10391737 2/93 371673 7934061 300 
5 13470511 1-96 386737 7925944 300 
6 13470514 2-96 386787 7925944 300 
7 20077725 Minnawarra (53) 351818 7894528 500 
8 20077752 Nibrica (41) 384281 7946930 500 
9 20077753 Pindan (42) 389017 7948769 500 
10 20077754 Nibrica (43) 385967 7946954 500 
11 20077755 Shallow (44) 382818 7942460 500 
12 20077757 Injudinah No 1 (39) 379167 7946795 500 
13 20077758 Injudinah No 2 (40) 379167 7946795 500 
14 20077759 65 379359 7952036 500 
15 20077760 66 377496 7952311 500 
16 20077761 Larry Innes (67) 382362 7935699 500 
17 20077764 Brickworks (30) 370889 7933472 500 
18 20077765 Clinic (31) 370889 7933472 500 
19 20077766 Clinic (32) 370889 7933472 500 
20 20077767 Mission Office (33) 370889 7933472 500 
21 20077768 Market Garden No 1 (34) 370889 7933472 500 
22 20077769 Market Garden No 2 (35) 370889 7933472 500 
23 20077770 Near Power House (36) 370889 7933472 500 
24 20077771 Toms (37) 373579 7936777 500 
25 20077772 Tips 38 375546 7938066 500 
26 20077775 Langet (62) 369617 7921122 500 
27 20077776 68 375634 7920505 500 
28 20077777 Mungully (64) 373505 7925990 500 
29 20077778 Balladonga (46) 359234 7924243 500 
30 20077779 Cabbage Gum (47) 361549 7924012 500 
31 20077780 Warralong (48) 362996 7921568 500 
32 20077781 Eugarongah (49) 362350 7919202 500 
33 20077782 Eelwaringah (50) 357991 7914373 500 
34 20077783 Kittys (51) 356389 7914565 500 
35 20077784 Alex (58) 359948 7912774 500 
36 20077785 Eeganah (59) 359983 7914861 500 
37 20077786 Homestead (60) 364096 7921185 500 
38 20077787 Oupimbeenah (61) 365800 7920585 500 
39 20077788 Deep (63) 366047 7923924 500 
40 20077789 East Imbadah (55) 360999 7900854 500 
41 20077792 Ambrookah (56) 356382 7905858 500 
42 20077793 Gingers (57) 357499 7908357 500 
43 20077794 Munganoo (54) 349869 7902189 500 
44 20077795 Wobinah (52) 354771 7909396 500 
45 20077796 Rollah (45) 362482 7928232 500 
46 20078955 La Grange No 2 (K12a) 398510 7954745 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
 6.2 - 22 580 21/10/87 1 
 6 - 23.5  26/11/82 2 
yes 5.69 15/08/93 34  - 3 
yes 8.11 15/08/93 34  - 4 
     11/11/96 5 
     14/11/96 6 
 6.1 - 6.6 710 22/10/87 7 
   0  - 8 
 4.6 - 27.4 850 01/06/87 9 
 2.1 - 3.8  - 10 
   0 1060 22/10/87 11 
   0 1480 22/10/87 12 
      13 
 21.03 - 27.43  - 14 
 24.38 - 30.48  - 15 
 5.48 - 0  - 16 
 6.1 - 0   17 
   10.67   18 
 6.3 - 8  - 19 
 6.3 - 7.4  - 20 
   0 480 21/10/87 21 
   24.8   22 
   0  - 23 
 9 - 0   24 
 1.3 - 6.8   25 
   5.4 1170 22/10/87 26 
   0 680 23/10/87 27 
 21.3 - 0   28 
   5.5 1180 22/10/87 29 
   12.5 1120 22/10/87 30 
   0 1340 22/10/87 31 
   3.2 760 22/10/87 32 
 2.5 - 4.1  - 33 
 3.7 - 4 1300 22/10/87 34 
 8.5 - 8.8 1810 22/10/87 35 
 3 - 3.8 3600 22/10/87 36 
   0 890 22/10/87 37 
   4.2 570 22/10/87 38 
   0   39 
 3.9 - 10.2 1050 22/10/87 40 
 1.6 - 2.2 570 22/10/87 41 
 12.1 - 0   42 
 2.8 - 0   43 
   3.2 390 22/10/87 44 
 2.8 - 4.1 1330 22/10/87 45 
 26.64 - 0 510 23/10/87 46 
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Table B5 Thangoo station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20078919 No 5 (5) 445550 7999193 500 
2 20078920 No 4 (6) 442325 7998650 500 
3 20078921 No 3 B(7) 439499 7997119 500 
4 20078922 Roebuck Bay No 1 WW Kimberley 441863 7992041 500 
5 20078923 No 22 (3) 444336 7988031 500 
6 20078924 Rig (4) 442691 7992708 500 
7 20078925 No 2 Bore (8) 436217 7994553 500 
8 20078927 (Kp1) 444846 7988380 500 
9 20078928 No 1 (9) 433961 7991916 500 
10 20078929 Homestead No 1 (Old) (10) 432138 7989457 500 
11 20078930 Homestead No 2 (11) 432138 7989457 500 
12 20078931 No 8 (15) 428486 7984811 500 
13 20078932 No 10 (16) 423150 7985529 500 
14 20078933 Roebuck Bay Line Sp 17 435025 7980447 500 
15 20078934 A 435166 7981338 500 
16 20078936 New Bloodwood (20) 435272 7979601 500 
17 20078937 Gulf Hedonia No 1 (25) 435467 7978622 500 
18 20078938 Bore 435467 7978622 500 
19 20078939 (Kp2) 437189 7981380 500 
20 20078941 No 25 (13) 431328 7979872 500 
21 20078942 Top (14) 426626 7974783 500 
22 20078943 Hill Top (27) 426594 7978732 500 
23 20078944 Goldwyre No 4 (K17) 427294 7978910 500 
24 20078945 No 11 (17) 418316 7981457 500 
25 20078946 No 12 (18) 417489 7977788 500 
26 20078947 Goldwyer (19) 414631 7976563 500 
27 20078948 Yardoogarra Homestead (24) 409287 7975723 500 
28 20078949 Goldwyre No 1 (K14) 415775 7971575 500 
29 20078950 Goldwyre No 2 (K15) 415732 7972733 500 
30 20078951 Goldwyre No 3 (K16) 420132 7975438 500 
31 20078952 Barn Hill (22) 399181 7969227 500 
32 20078953 Old Yardoogarra (23) 403462 7972803 ? 
33 20078954 Deep (21) 402591 7965324 500 
34 20078956 Thangoo No 1 (K13) 402767 7959243 500 
35 20078957 Sharon Ann # 1 394735 7957127 500 
36 20079345 Roebuck Bay No 1 Ww 458709 7997952 500 
37 20079346 No 6 (1) 448719 8000379 500 
38 20079351 Fly Flat (2) 452477 7995472 500 
39 20079352 Fly Flat No 1 (K18) 450215 7992485 500 
40 20079353 Fly Flat No 2 (K19) 453648 7995534 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
 1.8 - 20.5 420 14/10/87 1 
   12.19   2 
 2.8 - 4.9 370 14/10/87 3 
 41.45 15/07/56 51.82 250 15/07/56 4 
yes 43.2 - 51.82   5 
      6 
 2.6 - 14.3 610 14/10/87 7 
 43.95 -  420 16/10/87 8 
 3.35 - 7.62 520 14/10/87 9 
    3140 14/10/87 10 
   18.29 5320 14/10/87 11 
   7.6 550 14/10/87 12 
 3.8 - 12.1   13 
   190.5 23330 14/10/87 14 
   190.5   15 
    360 15/10/87 16 
   1543   17 
 32.8 - 50 360 16/10/87 18 
 12.8 -  360 16/10/87 19 
 17.2 - 21   20 
      21 
   36.58   22 
 18.07 -  730 13/10/87 23 
 3.3 - 12.19 4950 15/10/87 24 
 2.1 30/06/56    25 
 2 - 4.3 350 15/10/87 26 
   2.7 670 15/10/87 27 
 24.78 -  440 16/10/87 28 
 20.96 -  410 14/10/87 29 
 10.69 -  350 13/10/87 30 
yes 8.6 15/06/86 18.29 1150 15/10/87 31 
 4.7 -  470 15/10/87 32 
 20.5 -  610 15/10/87 33 
 32.06 -  360 23/10/87 34 
 21 30/06/94 54  30/06/94 35 
   51.82 24 - 36 
      37 
 9.6 - 11.1   38 
 18.66 -  420 13/10/87 39 
 1.8 - 20.5 420 14/10/87 40 
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Table B6 Shelamar bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20077790 69 365838 7904411 500 
2 20077791 Gornge Selo or North (84) 364441 7901302 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
Table B7 Shamrock Gardens bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20077756 La Grange No 1 (K12) 393477 7945597 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
Table B8 Roebuck Plains station bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20079347 Dampier Downs (K20) 457812 8006374 500 
2 20079348 Roebuck No 1 (K21) 457421 8008378 500 
3 20079349 Crab Creek No 1 (I) 449302 8007381 500 
4 20079350 Roebuck Bay E Line A 467577 7995144 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
Table B9 Unallocated Crown Land bore summary 
 WIN site id. AWRC name Easting* Northing 
Accuracy 
+/- m 
1 20077685 Calamia 1 (Water Well) 376917 7835171 500 
2 20078912 Munro No. 1-1 444621 7804691 ? 
3 20078913 Munro 2 444614 7804691 ? 
4 20078914 Munro 3 444614 7804691 ? 
5 20078915 Munro No. 1 443932 7801601 500 
6 20078917 Cudalgarra Nth.1. Water Well 424152 7877374 ? 
7 20078918 Munda 1-1 422007 7864119 ? 
8 20078940 Kanak # 1 434638 7968535 500 
9 20079342 Camp 5 No 4 494451 7848264 500 
10 20079343 Broome Ridge WW No 1 488171 7938274 500 
11 20079344 Broome Ridge WW No 3 448536 7939257 500 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
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Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
  12.6 - - 
  
1 
  9.14 - 60.96 400 26/10/87 2 
 
 
 
Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
  13.4 - 0 390 23/10/87 1 
 
 
 
Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
      1 
      2 
 yes 6 14/11/87 30  3 
    120.4  4 
 
 
 
Lithology 
logs 
SWL 
m BGL 
Date 
measured 
Depth drilled 
m 
TDS 
mg/L Date sampled 
 
 40 30/06/87 50 150 30/06/87 1 
yes 9.14 30/06/72 305   2 
yes  30/06/72 92.96   3 
   36.58   4 
    11 000 30/06/72 5 
no 74 07/07/89 90 300 07/07/89 6 
yes 38.1 30/06/71 56.39   7 
   90   8 
yes 19.81 15/11/67 24.38   9 
   107.59 114 - 10 
   195.07   11 
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Appendix C Main Roads Western Australia’s bores 
Table C1 Main Roads’ water supply bore summary 
 Bore name Road SLK* Easting† Northing 
Bore depth 
m 
1 Teds Bore GNH‡ 1845.46 271930 7807900 – 
2 MRD bore ? GNH 1857.50 283320 7807050 – 
3 MRD Artesian Bore GNH 1867.00 292685 7810160 – 
4 Bore 20 GNH 1869.50 294950 7811450 – 
5 Sandfire #1 GNH 1880.57 304665 7813600 – 
6 Sandfire #2 GNH 1894.59 315800 7821275 40 
7 Anna Plains #1 GNH 1902.00 320960 7826950 46 
8 Anna Plains #2 GNH 1909.89 325535 7833380 42 
9 Anna plains #3 GNH 1921.42 333770 7841880 54 
10 Anna Plains #4 GNH 1927.87 337975 7846060 50 
11 Anna Plains #5 GNH 1941.27 345300 7856875 60 
12 Anna Plains #6 GNH 1950.45 351700 7863700 60 
13 Nita Downs #1 GNH 1960.24 354800 7873175 63 
14 Nita Downs #2 GNH 1971.02 357060 7883400 60 
15 Stanley #1 GNH 1981.80 359500 7893700 60 
16 La Grange #1 GNH 2045.65 394000 7946400 60 
17 La Grange #2 GNH 2055.07 398510 7954750 76.6 
18 Thangoo #1 GNH 2062.13 403300 7959560 69 
19 Thangoo #2 GNH 2069.60 408400 7965030 62 
20 Goldwyns #1 GNH 2079.91 415850 7971920 65 
21 Goldwyns #2 GNH 2080.79 416600 7972800 63 
22 Maffia camp GNH 2085.4 420150 7975700 – 
23 Hill top pump GNH 2093.00 426700 7978900 48 
24 Fly Flat #1. GNH 2121.18 450575 7993150 36 
25 Fly Flat #2 GNH 2125.65 453400 7995650 48 
26 Dampier Downs #1 GNH 2136.50 457700 8006250 26 
27 Roebuck truck bay GNH 2139.03 457200 8008150 – 
28 Roebuck Camp #2 GNH 2153.20 447990 8018775 
 29 Roebuck Camp #2 GNH 2153.20 448100 8018700 
 *  Straight line kilometres 
† Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
‡ Great Northern Highway 
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Casing id. 
mm 
SWL 
m BGL 
Yield 
L/s 
TSS 
mg/L pH 
 
150 Steel – – – – 1 
– – – – – 2 
– flowing 100 660 – 3 
150 Steel – 20 – – 4 
150 PVC 8.8 – – – 5 
150 PVC 4.7 2.8 24 900 7.8 6 
150 PVC 3.7 5.5 – – 7 
150 PVC 24.7 0.9 430 8.4 8 
150 PVC 9.7 7.0 310 7.6 9 
150 PVC 12.2 7.0 310 7.8 10 
150 PVC 1.9 5.3 1330 7.7 11 
150 PVC 10 5.5 290 8.0 12 
150 PVC 12 5.6 360 7.5 13 
150 PVC 18 4.4 380 7.4 14 
150 PVC 22.8 3.3 620 7.4 15 
150 PVC 12.4 7.1 390 7.2 16 
150 PVC 26.3 6.9 510 7.0 17 
150 PVC 30.8 5.0 360 6.7 18 
150 PVC 26.4 7.6 – – 19 
150 PVC 24.1 4.7 440 6.6 20 
150 PVC 19.7 5.0 410 6.7 21 
150 PVC 9.2 - 350 3.8 22 
150 PVC 16.8 10.0 730 6.6 23 
150 PVC 17.9 5.1 420 6.9 24 
150 PVC 21.5 5.18 410 6.7 25 
150 PVC 12.6 12.5 – – 26 
150 PVC – – – – 27 
150 PVC 6.4 
 
690 7.3 28 
150 PVC 6.6 
 
540 7.2 29 
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Appendix D Bidgyadanga bores 
Table D1 Bidgyadanga bore summary 
 Bore name Easting* Northing 
Recommended 
discharge rate 
m3/d Status† 
1 Bore 1 370760.7 7933673.9 350 PB 
2 Bore 2 370904.2 7933511.1 200 N/O 
3 Bore 1/93 371178.9 7934059.7 230 PB 
4 Bore 2/93 371689.8 7934057.6 400 PB 
5 Unknown bore 1 371449.6 7933791.5 n.a. A/PB 
6 Unknown bore 2 
(Football bore)  
371286.2 7933785.9 n.a. A/PB 
7 Bore 1 370760.7 7933673.9 350 PB 
* Eastings and northings are in Universal Transverse Mercator, Zone 51, and datum Map 
Grid of Australia 1994. 
† PB production bore; N/O non-operational; A/PB abandoned production bore; n.a. data not 
available 
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Casing 
depth 
m BGL 
Case 
material 
Case id. 
mm 
Casing 
from 
m BGL 
Casing 
to 
m BGL 
TDS 
mg/L 
SWL 
m BGL 
 
22 steel 185 19.00 22.00 n.a. 6.00 1 
23.5 steel 185 20.5 23.50 n.a. 6.55 2 
32.80 PVC 142.7 11.8 32.80 550 5.69 3 
32.53 PVC 142.7 11.53 32.53 440 8.11 4 
Open to 
2.67 
n.a. n.a. n.a. n.a. n.a. n.a. 5 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. 6 
22 steel 185 19.00 22.00 n.a. 6.00 7 
 
 
 
